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ROENTGENOLOGIC FINDINGS IN THE LUNGS OF 
VICTIMS OF THE COCOANUT GROVE DISASTER^ 

By MAXW'ELL FINLAND, M.D., MAX RITVO, M.D., CHARLES S. DAVIDSON, M.D., md 

STANLEY M. LEVENSON, M.D. 

BOSTON, MASSACHUSETTS 


T he clinical features of the respiratory 
tract injuries among the victims of the 
Cocoanut Grove disaster as observed at the 
Boston City Hospital have been described 
in detail elsewhere.’- The severity of the 
damage to the respiratory tract in these 
cases was graded roughly according to the 
clinical manifestations as follows : 

Gradif Clinical Manijestaiions 

o No signs or symptoms referable to the res- 
piratory tract. 

I Signs and symptoms limited to the upper 
respiratory passages, including mild laryn- 
gitis. 

2 Evidence of involvement of the trachea and 
bronchi or abnormal signs in the lungs other 
than those of frank consolidation. 

3 Dyspnea, cyanosis, ■vvhee2ing or transient 
stridor or frank signs of consolidation. 

4 Evidence of extensive pulmonary involve- 
rnent or of obstruction to the airways neces- 
sitating tracheotomy or resulting in severe 
asphyxia. 


these could be explained by unusual cir- 
cumstances. For example, in some of the 
patients who died with severe respiratory 
tract damage but witli few or no surface 
burns, it was ascertained that they were 
stampeded early and their bodies were pro- 
tected from the flames by the bodies of 
others. They nevertheless continued to in- 
hale the hot and irritating fumes. In others 
who succeeded in extricating themselves 
from the building or in those who covered 
their mouth and nose, tliere was little or no 
respiratory tract involvement but they sus- 
tained burns which were often cjuite exten- 
sive. 

The deaths were of two general types and 
were associated either with (i) burns in- 
volving 3U per cent or more of the body sur- 
face or (a) severe respiratory tract injuries 
which resulted in obstruction to the air 
passages. There were only 2 recoveries 


'PL f 1 • among 30 patients witli respiratory svmn- 

The seventy of the respiratory damage toms of Grade 4 severity ’ 

rlwSl-l *“0 “11°™ “ “d symptoms referable to the 

related fairly closely -with the extent of the respiratory tract were intemretet^ 

surface burns. In individual cases, however, sistent with the effects of hfryngotracheo" 

there were wide discrepancies but most of bronchitis of varying extent LI se“rityl 

• iJt'rktvi ♦■K*. T'U.a.--. j:t-_ ... 
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The autopsy findings suggested further tliat 
the clinical manifestations in the severe 
cases had resulted from varying degrees of 
obstruction due to the pseudomembrane 
and the viscid exudate which covered the 
tracheobronchial tree and often extended 
down to tlie small bronchioles. These gave 
rise to patches of atelectasis in some parts 
of die lung while in odier parts there were 
areas of emphysema and dilated bronchi 
due to air trapped beyond die obstructing 
lesions. In addition, the autopsies revealed 
thrombosis of pulmonary vessels with in- 
farcted areas in the lungs of patients who 
died within the first three or four days, 
and patchy or confluent lesions of broncho- 
pneumonia in some of those who died after 
that time. As might be expected, these 
changes gave rise to rather variable and 
often extensive and bizarre changes in the 
roentgenographic appearance of the lungs. 

Similar but less extensive findings result- 
ing from exposure to noxious gases have 
been described before.-'^ A thorough roent- 
genologic report of the pulmonary lesions 
in the cases from the Cocoanut Grove fire 
which were studied at the Massachusetts 
General Hospital has been given by Schatz- 
ki.'* The clinical features of those cases were 
described by Aub et alJ’ Since Schatzki’s de- 
scriptions cover most of the changes ob- 
served in the cases studied at the Boston 
City Hospital, they will be summarized 
here and will serve as a background for 
the report of roentgen findings observed. 
The latter will be correlated, in a general 
way, with the clinical signs and symp- 
toms and with the autopsy findings. Se- 
lected roentgenograms in some of the se- 
vere cases will serve to illustrate the v'arious 
types of abnormalities that were seen. 

Schatzki found roentgen changes in the 
lunus of "11 of 35 patients examined. The 
first roentgenograms showed flamc-Iike 
areas radiating asymmetrically from both 
hila with scattered bands and lines, as well 
as large homogeneous and small miliary 
arc.as of increased density, h'rom the fur- 
ther development of these lesions and from 
the autopsy findings, Schatzki lelt that 


interference with aeration due to complete 
or partial obstruction of the bronchi, par- 
ticularly tile smaller ones, was the cause of 
most, if not all of tlie visible pulmonary 
changes. 

In chest roentgenograms of 1 autopsied 
cases dead on arrival he found extensive, 
diffuse, poorly defined haziness extending 
throughout most of both lung fields. This 
was interpreted as characteristic of pulmo- 
nary edema and that was confirmed by the 
autopsy findings. Both of these cases 
showed high concentrations of carbon mo- 
noxide in their blood. The roentgenograms 
in 3 other patients who died in the hospital 
all showed areas of emphysema and patches 
of atelectasis. In i of tliem there was evi- 
dence of pulmonar)’- edema in the last 
roentgenogram; another showed a peculiar 
mottling and the third showed a round 
area of localized emphysema resembling 
trapped air such as that which is sometimes 
seen in children (pneumatocele). Autopsies 
in these 3 cases showed tracheobronchitis 
and bronchiolitis with patchy atelectasis 
and emphysema, some pulmonary edema 
as well as localized areas of atelectasis and 
hemorrhage which may have represented 
early infarctions. 

Interestingly enough one of the 13 pa- 
tients with negative roentgen findings died 
of respiratory embarrassment some hours 
after the negative roentgenogram was ob- 
tained. Furthermore, all but two of the sur- 
viving roentgenologically negative patients 
had riiles on physical examination on one 
or more occasions. 

Schatzki’s descriptions of the various 
types of roentgenographic lesions may be 
summarized briefly. Atelectasis was recog- 
nized in several forms. Sudden massive 
lobar atelectasis was seen in only i case, 
and the gradual development of complete 
collapse of both lower lobes was obsen'cd 
in another. More commonly there were 
smaller arc.as represented by triangles, or 
by bands, discs, or even fine lines of in- 
creased density which ran horizontally, 
obliquely and, in the lower lobes, ev'cn 
vertically through the lung fields. The oc- 
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currence, in the same roentgenograms, of 
compensatory emphysema, elevation of 
tlie diaphragm and displacement and con- 
traction of the hilar shadows on the side 
where the changes were extensive was taken 
as proof of the atelectactic origin of the 
shadows. Lateral shift of the mediastinum 
was rarely seen due to the fact that there 
was bilateral involvement in most cases. 

Etnphysemay lobar and lobular in distri- 
bution, was seen in several patients during 
various stages. Schatzki was able to demon- 
strate them best on roentgenograms taken 
in expiration, indicating the presence of 
trapped air. There was usually some ate- 
lectasis in the same lungs. One case of per- 
sistent lobar emphysema was also de- 
scribed. Miliary mottling of both lungs with 
individual lesions measuring a to 6 mm. in 
diameter was observed in only a fatal cases. 
These shadows were not adequately ex- 
plained but were thought to be due to small 
areas of atelectasis or possibly to small 
plugged bronchi. A homogeneous ground- 
glass appearance of a large portion of one 
lobe or one lung without decrease in size of 
the involved part was noted in the early 
roentgenograms in 3 survivors. Since these 
cleared rapidly they were interpreted as 
representing fluid in partially atelectatic 
lungs, the so-called “drowned lungs.” Pul- 
monary edema was identified in only the 2 
fatal cases already mentioned. Infarcts of 
the lungs, though seen in the autopsies, 
were not recognized roentgenologically ex- 
cept in the later roentgenograms of some of 
the severely burned cases in which they 
were obviously connected with thrombo- 
phlebitis. 

In the cases admitted from the Cocoanut 
Grove disaster to the Boston City Hospital 
roentgenograms were not made until about 
thirty-six hours after the fire except in a 
few instances. At that time a roentgeno- 
gram of the chest was taken at the bedside 
on almost every patient who was still in the 
hospital. Additional roentgen examinations 
of the chest, varying from one to five in 
number, were made in 57 of the cases dur- 
ing the remainder of the hospital stay. In 


some of these cases roentgenograrns were 
taken both in inspiration and in expiration. 
Roentgenograms of the chest were also in- 
cluded as part of the follow-up examination 
of those who returned to the hospital for 
this purpose. 

After all of the roentgenograms were re- 
viewed, the extent of the abnormal findings 
in each case was graded according to an 

Table I 

CORRELATION OF SEVERITV OF RESPIRATORV INVOLVE- 
MENT AS OBSERVED CLINICALLY WITH THE DEGREE OF 
PULMONARY CHANGES OBSERVED 
ROENTGENOGRA PHICALLY 


Grade of 
Respiratory 
Involvement 
(Clinical) 

Degree of Pulmonary Changes 
Observed in Roentgenograms 

0 

I 

0 

3 

4 

Total 

(cases) 

1 

° 

8» 

2 

0 

0 

0 

io‘ 

I 

8 


6 

0 

0 

281 

2 

0 

8‘ 

8 


0 

17= 

3 

0 

2 

10 

7 * 

D 

20- 

4 

0 

0 

2* 

3 ’ 

t 

12® 

Total (cases) 

1 61 

26' 

26« 

ii^ 

8* 

87'^ 


Six cases are included in which roentgenograms were taken at 
other hospitals to which the patient was removed within 36 
hours after the fire. 

44 cases (51%) had same rating clinically and roentgenographi- 
cally. 

29 cases (33%) had a clinical rating I grade higher than the 
roentgen rating. 

10 cases (11%) had a roentgen rating i grade higher than the 
clinical rating. 

4 cases (5%) had a clinical rating 1 grades higher than the 
roerntgen rating. 

Superscripts represent fatal cases. 

arbitrary scale from o to 4. Those with the 
most extensive changes were classified as 
Grade 4 and those with only minor abnor- 
malities in the roentgenograms were classed 
as Grade i. A correlation of the roentgen 
changes classified in this manner with the 
severity of the symptoms in each case is 
shown in Table i. There was a fairly close 
correlation between the severity of the 
respiratory symptoms and the extent of the 
roentgen changes. Wide discrepancies were 
very few. In about one-third of the cases 
the severity of the respiratory symptoms 
was somewhat greater than was indicated 
by the roentgen changes in the lungs, but 




Fig. I. Case i. //, second day: extensive mottling especially in the right upper lung field; patchy areas of 
emphysema, and diffusely diminished aeration of the left lower lung. B, eleventh day: considerable clearing 
with diffuse emphysema in the upper lung fields. 

The patient lost consciousness early at the fire. On admission she had regained consciousness but was 
restless and coughing. A few crepitant rales were heard at the base of the right lung and there were cardiac 
signs of mitral stenosis. Burns involved mostly the face, shoulders and hands — estimated 7 per cent. She 
rapidly developed hoarseness, dyspnea and her cough markedly increased; she began to raise sputum which 
was thick, mucoid and black at first and then became blood streaked. When A was taken there were 
showers of loud crepitant rales throughout both lungs and the patient was very dyspneic. The rales de- 
creased gradually during the next few days and only a few were heard over the left lower lobe when B was 
t.aken. The lungs had cleared completely but there was still some cough and hoarseness when the patient 
was discharged on the sixteenth day. Three months later she was still having intermittent slight hoarseness 
and cough but she had improved considerably. One year later her general condition was excellent, she had 
no more cough but did have a chronic post-nasal discharge which began after the fire. She became hoarse 
only after using her voice excessively. Roentgen and physical examination of her chest were completely 
negative. 
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Fig. 3. Case 11. A, anteroposterior and oblique views 
■w , taken on eighteenth day show large triangular area 

^ f of density behind the cardiac shadow. B, twenty- 

eighth day: diffuse density of lower left lung field. 

This patient lost consciousness briefly just as 
he escaped from the burning building. He had burns 
of the face, forearms, and hands totalling about 6 
per cent. On admission he was hoarse, coughing and 
raising thick black mucus, and a few rales were 
heard at the lung bases. During the first twelve 
hours he had increasing difficulty in breathing, then 
had episodes of marked breathlessness for another 
day and later raised some grossly bloody sputum. 
His symptoms then improved except for hoarseness 
i and paroxysms of cough which lasted for another 

* week. On the eighth day signs of consolidation were 

' made out over a large area of the left lower lung 

J near the spine, and this persisted essentially un- 

changed during the next three weeks until the pa- 
tient was transferred to a Naval hospital. In routine chest roentgenograms the area of density was obscured 
by the cardiac shadow but oblique views showed a dense triangular area extending from the hilum to the 
diaphragm as seen in the figure. During the fourth week there was an episode of fever associated with exten- 
sion of the signs throughout the left lower lobe as shown in B. The lung has cleared slowly and the patient 
has been returned to active duty but details of his course after leaving the hospital could not be ascertained. 


Fig. 2. Case 8 . A, second day: diffuse emphysema; patchy atelectasis in lower right and soft mottling in lower 
left lung field. B, sixth day: residual patchy atelectasis in right lower lung field. 

The patient was overcome inside the burning building and regained consciousness while being brought 
to the hospital. His burns involved the entire face and both ears — total 4 per cent. On arrival he was 
very hoarse and coughing and numerous rales were heard throughout both lungs. At the time when the 
earlier roentgenogram was taken he was having dyspnea, occasional episodes of stridor and some pain in 
the right chest and was raising green sputum containing leukocytes, epithelial cells and type 3 pneumo- 
cocci. Improvement in symptoms began on the next day and the signs in the lungs cleared progressively 
so that at the time of the later roentgenogram there were only a few crepitant rales at the bases and occa- 
sional scattered high pitched musical rales throughout both lungs. These were still present at the time of 
discharge three weeks later. He was returned to active duty in the Navy and when last heard from, two 
years after the fire, he was free of symptoms except for occasional cough productive of a small amount of 
sputum. 
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I'lG. 4. Case 47. /I, second day: extensive densities mostly in the right upper lung field with some emphysema 
(trapped air) in that area. 5, tenth day: almost complete clearing. 

The patient was knocked down and trampled and lost consciousness before she could attempt to escape. 
She suffered no external burns. On admission she was hoarse and coughing and r:iles were heard over the right 
chest. The lungs cleared somewhat for a while but then the patient began to have dyspnea, wheezing, a feeling 
of constriction in the chest and stridor. A tracheotomy was contemplated but not done when laryngoscopy 
revealed singed vocal cords. At the time of the earlier roentgenogram the patient was very hoarse and there 
were showers of crepitant rales at the lung bases and scattered high pitched musical rfiles, especially in the 
left lung. The coughing and hoarseness had improt'ed considerably, the crepitant nlles had cleared but the 
high pitched squeaks persisted and the patient was still having difficulty in taking a deep breath at the time 
when the later roentgenogram was taken. She continued to have some cough and some dyspnea on exertion 
for the first three months after discharge but after eight months there was only occasional cough and her 
general condition has been good. Physical examination and roentgenogram of the chest after eight months 
were entirely negative. 


the reverse was found to be true only in a 
few cases. It is not unlikely that greater dis- 
crepancies might have been noted if roent- 
gen examinations had been done earlier and 
more frequently. 

The roentgen changes obseiwed at the 
Boston City Hospital were essentially the 
same as those described by Schatzki, but 
some of them appeared to be more frequent 
and more extensive than those encountered 
at the Massachusetts General Hospital. In 
particular, the diffuse miliary type of mot- 
tling in large areas of the lung was seen 
more frequently in the early films. In some 
cases tlie individual lesions had a nodular 
a{'>pearance which varied considerably in 
licnsity. The mottling extended through- 
out both lung fields in some of tlie severe 


cases, while in others it was limited to one 
or two lobes. Some patchy or confluent 
areas of density, probably those of bron- 
chopneumonia, were also noted. This was 
particularly marked in the roentgenogram 
taken shortly before death in Case 107 as 
shown in Figure 1 1 . Enlargement of the 
hilar shadows with increase in density and 
accentuation of tlie bronchial markings 
were quite frequent. In some ca.ses, dilated 
and thickened bronchi could be seen ex- 
tending down to the dome of the dia- 
phragm. 

Emphisema ivas evidenced h)' patchy 
areas of increased radiance, but in several 
cases this was extensive and predominantly 
unilateral and there was enlargement of the 
thorax on that side. Subcutaneous emphy- 
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Fig. 5. Case 53. The fine areas of density, especially in the left lower lobe, which were present on the second 
day {^A) have largely cleared and there is some increase in the bronchial markings on the seventeenth day 

( 5 ). 

The patient lost consciousness shortly after inhaling some of the smoke but he sustained only minor burns 
of the face. He had a chronic productive cough and a history of occasional asthmatic attacks. On admission 
he was coughing, his throat was diffusely inflamed and there were numerous rales throughout his lungs. His 
cough increased during the following day and he developed progressive dyspnea, restlessness and air 
hunger. The next morning there were signs of consolidation in the right lower lobe. These signs and symp- 
toms cleared up dramatically during the day after a violent coughing spell following which the patient 
coughed up what looked like a fibrinous cast of a bronchus containing sheets of epithelial cells. The earlier 
roentgenogram was taken shortly after this episode and there were only crepitant rales heard at the bases 
at that time. There were occasional episodes of mild dyspnea during the next two daj's and the breath 
sounds were diminished at the lung bases on some examinations. Improvement continued and the lungs 
were clear and the patient symptom free when the later roentgenogram was taken. When last seen several 
weeks later he had remained well and without residual symptoms. Physical examination and roentgenogram 
of the lungs at that time were negative except for emphysema. 


sema was noted in the roentgenograms 
taken after tracheotomy and this usually 
persisted for several days. It was limited 
mostly to the supraclavicular regions but 
in one instance extended into the axillae. 

Atelectasis manifested by the various 
types of density described by Schatzki was 
seen in most of the positive roentgenograms. 
In addition, there were several cases in 
which the findings were interpreted as those 
of partial atelectasis of most of one lobe or 
one lung. The involved areas showed a 
more or less uniformly diminished radiance 
with elevation of the diaphragm, contrac- 


tion of the intercostal spaces, and, in some 
instances, by an appreciable though not 
marked shift in the mediastinal contents 
to the affected side. Massive and complete 
atelectatic collapse involving most of the 
left lower lobe was noted in only i instance. 
Case 22, Figure 3, and in that case it per- 
sisted for several weeks. A large area of 
consolidation extending beyond the ate- 
lectasis appeared at the end of the fourth 
week in this case. 

Pulmonary edema was not made out in 
any roentgenograms, but no postmortem 
roentgen examinations were made at this 
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Img. 6. Case 70. Diffuse irregular densities and some patchy emphysema on the second day (//); most of this 
has cleared by the sixth day (J5) but there is some diminished aeration of the left lower lung. 

The patient lost consciousness after inhaling much smoke. His surface burns were limited to the face. 
On admission he was stuporous, very hoarse, coughing vigorously and having some difficulty in breathing. 
At that time he was slightly cyanotic and coarse rhonchi were heard throughout both lungs and finer 
crepitant rfiles at the bases. During the next two days the patient was quite restless and dyspneic and he 
had noisy respirations with occasional stridor. He coughed violently and raised scanty amounts of dark 
mucoid sputum. At the time of the earlier roentgenogram there were fine rfiles at the lung bases and some 
scattered musical niles and the patient was having episodes of asthmatic-like breathing. After that the 
patient began to improve and the lungs gradually cleared but hoarseness persisted until discharge. When 
last seen two years later, the lungs were clear on physical and roentgen examination and he had remained 
free of respiratory symptoms. 
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Fig. 8. Case 91. A, second day; tracheotomy tube in place; edema of soft parts and subcutaneous emphysema 
in supraclavicular and axillary regions; partial atelectasis of lower lobes with patchy densities in the right 
lower and emphysema in upper lung fields. B, eleventh day; tube still in place with similar but less marked 

changes. .... , . 

The patient had temporary loss of consciousness before he got out of the burning building and again 
while being taken to the hospital. His burns involved the face and hands— about 6 percent. There was a 
long history of morning cough productive of mucoid sputum. On admission he was hoarse, coughing vio- 
lently and raising black, tenacious sputum. He soon developed increasing dyspnea and stridor and a trach- 
eotomy was done on the following afternoon. Obstructive symptoms continued and necessitated frequent 
suction which yielded copious amounts of bloody mucoid material. The earlier roentgenogram was taken on 
the day after the operation when the lungs were filled with rhonchi and crepitant rales. Episodes of obstruc- 
tion requiring suction continued for several days and the lung signs during that time were quite variable. 
When the later roentgenogram was taken there were only a few rales heard at the lung bases posteriorly and 
the breath sounds were diminished over these areas. The tube was removed a week later and the patient had 
a small hemoptysis on the following day. Thereafter, his symptoms improved rapidly. When last seen nearly 
two years after discharge he was in excellent health and had been carrying on his usual rather strenuous 
activities and having no more cough and sputum than he did before the fire. No abnormalities were made 
out on physical examination or roentgenogram of his chest at that time. 



-5 

Fig. 7. Case 90. A, second day; tracheotomy tube in place; mottled densities especially in upper lung fields; 
patchy atelectasis and emphysema. B, sixth day; tube out and lung fields cleared considerably. Right-sided 
cardiac enlargement — same in both roentgenograms. 

The patient became unconscious while still in the Melody Lounge and, except for a brief interval soon after 
she was carried out through a window, she remained in this state until a few hours after her arrival at the 
hospital. There was a history of bronchial asthma but no recent attacks. Burns totalling about 5 per cent 
involved the face, a shoulder, a hand and a leg. The patient was irrational for several hours but dyspnea 
was first noted after about twelve hours and then progressed rapidly along with marked stridor until a 
tracheotomy was done. For several hours thereafter she continued to be restless and dyspneic with spells of 
breathlessness which were relieved by suction. When A was taken there were loud rhonchi and crepitant 
rales throughout both lungs. The patient began to improve rapidly, however, and breathed comfortably 
with the tracheotomy tube plugged, so it was removed a few hours later. Some dyspnea and wheezing 
continued and high pitched musical and some crepitant rales were heard in the lungs, mostly at the 
bases, for several days. During the next two years her general condition has remained good. She has some 
morning cough and sputum which occasionally is blood streaked but there have been no asthmatic attacks. 
Physical examination and roentgenograms of the lungs in inspiration and expiration were entirely normal. 
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Fig. 9. Case '92. The tracheotomy tube is in place and subcutaneous emphysema in the supraclavicular areas 
are present in both roentgenograms; tlie marked densities seen on the second day {A) have largely cleared 
by the sixth day {B). 

The patient inhaled a good deal of smoke and lost consciousness just before reaching an exit but she sus- 
tained no surface burns. On admission she had regained consciousness and was having some respiratory dis- 
tress and numerous rhonchi and high pitched musical rales were heard throughout both lungs. During the 
next few hours her dj’spnea increased markedly and she finally developed air hunger tvhich necessitated a 
tracheotomy for relief. A was taken on the following day when the patient was still having considerable 
respiratory difficulty and there were numerous rales and rhonchi in both lungs at that time. She began to 
improve two days later and at the time of the later roentgenogram {B) was breathing much more comfort- 
ably but there were still many crepitant scattered musical rales. Except for a few choking spells due to 
plugging of the tracheal tube she improved steadily, and the tube was removed on the sixteenth day. 
Hoarseness, cough and a few rhonchi were still present when the patient was discharged one week later. 
When last heard from two years later she was entirely well except for a slight residual cough productive of 
very small amounts of mucoid sputum. 


hospital in cases dead on arrival. This find- 
ing may also have been missed in fatal 
cases in which the last roentgenograms 
were taken some time before death. Ex- 
tensive pulmonary edema, however, was 
not found, even in the autopsies of these 
cases. There was evidence of extensive and 
marked edema of soft parts, particularly of 
the face and neck in some of the cases as 
illustrated in Idgure 14. 

.A summary of the numbers of cases in 
which each of the various types of roentgen 
changes were noted, and the relevant clini- 
cal findings arc shown in Table 11. .As might 
be ex^iected from the nature of the lesion.s, 
the clinical signs and symptoms were gen- 
erally more frequent and more severe than 


was indicated by the roentgen changes. 
The discrepancies between the severity of 
the respiratory symptoms and roentgen 
changes in the lungs, on the one hand, and 
the extent of the surface burns, on the 
other, are seen from Table n and have been 
referred to previous!}'. 

In general, the more extensive roentgen- 
ographic lesions had largely cleared before 
the end of the first week. Small areas of 
atelectasis and patches of emphysema with 
some increases in the hilar shadows and of 
the bronchial markings persisted longer in 
some of the cases. 'Ffie area of massive and 
complete atelectasis in Case -2 persisted 
unchanged for several weeks. In a few 
instances, there were marked fluctuations 
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Table II 

SUMMARY OF RELEVANT ROENTGENOLOGICAL AND CLINICAL FINDINGS CLASSIFIED ACCORDING TO THE 
EXTENT OF THE ROENTGEN CHANGES SEEN IN THE LUNGS 
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Fig. 10. Case 104. Second day: in both lung fields — 
more on the left — there are numerous areas of soft 
density but the extreme bases are clear. 

The patient had apparently lost consciousness at 
the fire. She had burns of the face, arms and hands — 
total about 7 per cent. On admission, she was rest- 
less, excited and having respiratory difficulty, and 
coarse rhonchi were heard throughout both of her 
lungs. She continued to be restless and had episodes 
of excitement associated with stridor and air hunger. 
Showers of coarse crepitant rales were heard at both 
lung bases at the time of this roentgenogram. The 
patient obtained only slight and temporary relief 
from oxygen given under positive pressure. About 
thirty-six hours after this roentgenogram was taken 
the patient died during an episode of air hunger 
which was not relieved by tracheotomy. Just prior 
to the operation the lungs were hyperresonant 
throughout and only a few high pitched squeaks 
were heard. 

At autopsy the trachea showed irregular areas of 
necrosis and some hemorrhagic foci. The mucosa of 
the larynx, trachea and bronchi was moderately in- 
jected and covered with a thick gray-black mucoid 
material. Some of this material also filled the smaller 
bronchi and was dislodged only with difficulty. The 
lungs showed scattered sunken bluish-red areas of 
consolidation within which there were obstructed 
bronchi and bronchioles. There was also some dif- 
fuse edema. 
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Fig. I a. Case 124. Second day: extensive mottled den- 
sities and patchy atelectasis in the lower lung fields 
and emphysema in the uppers. 

The patient lost consciousness while trying to es- 
cape from the fire and was stuporous and in shock on 
arriving at the hospital. He had severe burns of the 
face, neck and extremities— total about 10 per cent. 
On admission he ivas having spells of violent cough- 
ing and there were loud tracheal rales, a few scat- 
tered inspiratory wheezes and some fine crepitant 
rales at the bases. He developed marked air hunger 
and more profound shock after the first ^ twelve 
hours. Suction was required frequently to relieve the 
obstruction which was partly due to moisture in the 
upper respirator)' passages. The patient died eight 
hours after this roentgenogram was taken. 

Autopsy showed edema and redness of the epi- 
glottis, trachea and major bronchi which were cov- 
ered with thick greenish and pinkish material but 
there was no underlying ulceration. In the smaller 
bronchi and bronchioles there were yellowish friable 
casts, and the underlying mucosa and part of the 
muscle walls were necrotic. There was a widespread 
early bronchopneumonia with polymorphonuclear 
cells and necrotic debris in the lumens of some of the 
bronchi and also some destruction of alveolar walls 
and early abscess formation. 

are of interest. In Case 107 (Fig. ii), the 
first roentgenogram was taken after a tra- 
cheotomy had been performed and during 
a period when the patient was relatively 
free of obstructive symptoms. The lung 
fields in this roentgenogram were relatively 
clear. The patient had recurrent episodes of 



obstruction which were only partially and 
temporarily relieved by suction and she 
later developed signs of consolidation in 
the lungs. Roentgen examination at this 
time showed some confluent bronchopneu- 
monia. An incidental finding was that of a 
megacolon which was noted in both roent- 


Fig. n. Case 107. The tracheotomy tube is in place in both roentgenograms which also show the distended 
megacolon; many areas of marked density in the left cardiophrenic angle and some patchy atelectasis in the 
left lower lung on the second day {A) and more extensive and softer density especially in the right lung on 
the sixth day ( 5 ). v 

The patient was in shock and having some respiratory distress at the time of admission when rhonchi 
and wheezes were heard throughout her chest. She had deep burns on about 1 2 per cent of the body includ- 
ing her face, neck and extremities. Her breathing became increasingly difficult and a tracheotomy was done 
after eighteen hours. Thereafter, she had frequently recurring obstructive episodes requiring suction and 
this produced moderate amounts of viscid dark bloody material. She obtained some relief from oxygen 
under positive pressure after some of these episodes. At the time of the earlier roentgenogram there were 
numerous rhonchi and crepitant rales throughout both lungs. On the fifth day there were signs of consolida- 
tion in the left upper lobe and the rales persisted and increased in the rest of the lung. The patient died on 
the day after the later roentgenogram was taken. 

At autopsy there was an opaque yellowish-gray pseudomembrane covered with dirty viscid mucoid 
material beginning in the larynx above the vocal cords and extending well into the primary bronchi. The 
smaller bronchi were dilated down to the diaphragmatic surface and there was some necrosis of their walls. 
Some bronchioles were filled with fibrin plugs. The lungs showed scattered areas of emphysema, atelectasis 
and consolidation and some confluent bronchopneumonia. The roentgen finding of a megacolon was 
confirmed. 
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Fig. 13. Case 125. Second day: difFise haziness of 
most of both lung fields with scattered areas of 
density of various shape, particularly in the 
lower portions; widened right supracardiac area. 

At the time of admission the patient was semi- 
comatose, in shock, hoarse, coughing and having 
some difficulty in breathing, and coarse rales 
were heard throughout both lungs. Burns were 
severe and extensive and involved about 45 per 
cent of the body, including the face. During the 
first twelve hours respirations became increas- 
ingly noisy and labored and dark mucus was re- 
moved by suction. Black and later bloody mucus 
was raised by the patient or removed by suction 
frequently thereafter. There were scattered rales 



Fig. 14. Case 6. A, taken on the second day, shows 
the marked swelling of the face and neck which 
had almost entirely receded when B was taken on 
the sixth day. 


at the lung bases posteriorly at the time this roentgenogram was taken but breath sounds over 


these areas were subsequently diminished. Dyspnea 


persisted and progressed and the patient died on the 


sixth day. 

.At autopsy there was a soft edema of the lower pharynx and small submucosal hemorrhages and hy- 
peremia of the mucosa of the epiglottis, larynx, trachea and bronchi which were covered with a film of thin 
mucopurulent material. The lungs contained multiple petechial and large confluent hemorrhages over the 
posterior and lateral surfaces and many areas of superficial atelectasis. There was somewhat generalized 
emphysema of the upper lobes and a large infarcted area in the left lower lobe with other scattered areas 
of infarction, atelectasis and tr.-ipped .air as well as fibrin thrombi filling many small bronchi and bronchioles 


the walls of which showed considerable necrosis. 


genograifis. 'fhese findings were confirmed death, which resulted from acute respira- 
at autopsy and the characteristic severe tory obstruction that was not relieved by 
laryngitis, tracheitis and bronchitis with tracheotomy. Examination of the lungs 
areas of atelectasis and emphysema were just prior to the operation showed them to 
also present. be hyperresonant throughout and only high 

In Case 104 (Fig. 10) the roentgenogram pitched musical sounds were heard. .Au- 
was taken about thirty-six hours before topsy in this case showed acute tracheitis, 
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laryngitis, bronchitis and bronchiolitis with 
surrounding small foci in the alveoli._ There 
was some rather diffuse atelectasis and 
edema. 

In Case 12.8 there were no significant 
roentgen findings. The patient had exten- 
sive burns and died during tire twelfth 
week. His lungs were entirely clear at 
autopsy. In a second patient with extensive 
burns (Case 109) there were only small 
areas of atelectasis and emphysema and 
some increase in tire hilar shadow in the 
roentgenograms taken during the first 
week. The patient had only mild and tran- 
sient dyspnea and a slight cough. No defi- 
nite abnormal physical findings were made 
out in her chest. The patient died after five 
months and the lungs were found to be en- 
tirely normal at autopsy. 

In Cases 106 and lao, moderate changes 
(Grade 2) were made out in the roentgeno- 
grams taken on the second day. The former 
died about twelve hours later during a sud- 
den attack of acute obstruction which was 
not relieved by tracheotomy. Her lungs 
were resonant throughout and only a few 
high pitched rales were heard at the time. 
There was no autopsy in this case. In Case 
120, death occurred about thirty-six hours 
after the roentgenog'ram was taken. Nu- 
merous crepitant rales were heard through- 
out the lungs in this case. Autopsy showed 
hemorrhagic acute laryngitis, tracheitis and 
bronchitis with focal areas of hemorrhagic 
consolidation in the lungs. The remaining 
fatal cases all had more extensive roent- 
genographic changes and all showed patchy 
areas of atelectasis and emphysema in ad- 
dition to the lesions in the larynx, trachea 
and bronchi. There were some areas of 
bronchopneumonia in those dying after the 
fourth day and these areas were confluent 
and almost lobar in distribution only in 
Case 107, 

Follow-up roentgen examinations in in- 
spiration and expiration were done in many 
of the patients who had moderate or ex- 
tensive changes in the early roentgeno- 
grams. No residual abnormalities were de- 


tected in roentgenograms of any of these 
cases six months to two years after tlie fire. 

SUMMARY 

The significant roentgenograph ic changes 
observed in the cases admitted to tlie Bos- 
ton City Hospital from the Cocoanut 
Grove fire have been reviewed and related 
to the clinical and autopsy findings. The 
roentgen changes were essentially similar 
to those described by Schatzki and were 
consistent witli the lesions found at au- 
topsy. Most of them could be ascribed to 
atelectasis and emphysema resulting from a 
severe membranous laryngotracheobron- 
chitis with obstruction. The clinical symp- 
toms and physical signs were frequently 
more severe and extensive than tlie changes 
visible in the roentgenograms. No residual 
• roentgen changes in the lungs were noted 
in the recovered cases in which there was 
an opportunity for follow-up. 

The authors are indebted to Dr. Patrick F. Butler, 
Director of the X-ray Department, for his constant 
interest and encouragement, to Drs. C. C. Lund and 
F. H. L. Taylor, the responsible investigators of the 
Burns Project, to the members of the surgical staff 
of the Boston City Hospital who permitted us to 
study their cases and to Dr. Timothy Leary for the 
pathological data. 
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PULMONARY CHANGES IN CARBON 
TETRACHLORIDE POISONING* 

By LIEUTENANT (JG) CHARLES MOREAU THOMPSON (MC) USNR 


■n ECENTLY a series of 20 cases of car- 
bon tetrachloride poisoning occurring 
on a submarine were treated at this Naval 
Dispensary. Of the cases, 3 were critically 
ill and i died. During their illness roentgen- 
ograms of the chest were made. Some very 
unusual changes were noted that are 
deemed worthy of reporting. It was impos- 
sible to make a complete sun’^ey of the 
literature at this outlying base, but in none 
of the papers reviewed was mention made 
of roentgen changes in the lung fields. 

Carbon tetrachloride is an excellent sol- 
vent for grease, fat, tar and oils, and used 
not uncommonly for cleaning purposes. 
Aboard the submarine the solvent was used 
in a confined compartment for cleaning the 
deck and bulkheads. When exposed to high 
temperature carbon tetrachloride can break 
up into phosgene and hydrochloric acid, 
both of which are pulmonary irritants. 
However, it is the opinion of the author 
that the men were poisoned by the direct 
inhalation of the fumes. The metal plates 
being cleaned were not hot, and none of the 
men initially had any symptoms of phos- 
gene inhalation. The pulmonary changes 
were not discovered until nine days after 
exposure. 

CLl MCA L MAM TESTATIONS 

The course of the cases reported below is 
similar to that in the literature except for a 
few variations. Of the 20 cases, 4 were se- 
verely ill, presenting a typical toxic ne- 
phrotic syndrome as evidenced by puffiness 
and swelling of the soft tissues of the face, 
hands, and feet. They had retention of 
nitrogenous waste products in the blood 
stream and evidence of real kidney damage. 
Due to limited laboratory facilities, com- 
plete blood and urine studies were not 
possible. 'I'he fatal case developed acute 


pulmonary edema while apparently on the 
road to recovery. Because of this, roent- 
genograms were made of the chest of each 
patient. Findings varying from mild promi- 
nence of all lung markings to complete 
consolidation of all five lobes were ob- 
served. Enlarged hilar shadows, peribron- 
chial infiltration and a change in the size 
and configuration of the heart were also 
noted. The patient with pulmonary symp- 
toms had extensive consolidation of both 
lung fields and died despite all supportive 
treatment. 

CASE REPORTS 

The 4 serious cases are outlined in brief, 
along with the gross and microscopic find- 
ings of the lungs in the fatal case. 

Case i. P. DeS., male, wliite, aged twenty- 
four. Patient admitted with backache, malaise 
and vomiting. He had severe oliguria with four 
plus albuminuria. For six days he was acutely 
ill at which time he appeared to be improving 
and seemed to be the least ill of the critical 
patients. Suddenly the patient developed acute 
respiratory distress w'ith deep cyanosis and 
hemoptysis. Respirations were 34 per minute 
with a pulse rate of i2o per minute. Roentgen 
examination of the chest was made, 'rempera- 
ture was normal and remained so. Course 
rales and wheezes were heard over both lungs. 
The patient became rapidly worse, respirations 
reached 40 per minute and pulse 140 per min- 
ute. Because of the marked cyanosis and air 
hunger he was placed in an oxygen tent. He 
began to cough up large amounts of red frothy 
.sputum. Patient died about thirty hours after 
the onset of his pulmonary symptoms. 

Autopsy* and Mia'oscopic\ Findings oj the 
Lungs. Gioss: There were petechial hemor- 
rh.ages on the smooth glistening surfaces of the 
lungs. 'J'he lungs were heavy and, with the 

* Autop'V jicrformex! I>y Captain IL Salm, M.C., .A.t'.S. 
t MicttKCopic examination pcrfi’rmr.i In- Coinnt! E. H. Eoiicar, 
M.C., A.LLS. 


• Ti.f f-inii--., or a-'ertii-nx ct-ntainr.! t-.rrc’n are tie private r.r.ex cf the writer a.n 1 art not to be cor.rtrue,! at otneia! or a 
iru: tbe vrev" of tbe Navy Drpartr-ent or ti e Naval Srrviec at larye. 
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exception of parts of the lower lobes, were con- 
siderably consolidated. The cut surfaces of each 
were dark red and very wet. The mucosa of the 
tracheobronchial tree was a dark purplish red. 
Microscopic: There was marked venous capil- 
lary congestion and edema. The alveoli were 
filled with granulocytes, numerous erythro- 
cytes and many swollen lightly pigmented mac- 
rophages. Findings — congestion and edema; 
pneumonia, acute, hemorrhagic in type. 
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Fig. 1. Case i. Roentgenogram of the chest reveals a 
homogeneous density involving the lung fields. 
There is only a small amount of aerated lung at the 
right apex and at the left base. The cardiac sil- 
houette is obscured by the consolidation in the 
lung fields. There is no definite evidence of free 
fluid m either pleural space. (This is not an under- 
exposed film.) 

Case 11. A. B., male, white, aged twenty- 
three, admitted with nausea, vomiting, al- 
buminuria, and oliguria. Albuminuria persisted 
for fourteen days. Shortly after admission 
facies became bloated, edematous and waxy. 
He was critically ill for two weeks with nausea, 
vomiting with hematemesis, oliguria and 
anorexia. He was fed intravenously and con- 
valescence was slow. Roentgen examination of 
the chest was first made on the seventh hospi- 
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Fig. a. Case 11. Roentgenogram of the chest reveals 
an increase in the hilar and lung markings. The 
markings fan out into the periphery of the lung 
fields. In the mid-portion of the right lung field 
there is a linear line of increased density probably 
due to interlobar pleural thickening or focal atelec- 
tasis. The cardiac silhouette is slightly globular in 
shape. 

tal day. In spite of roentgen evidence there 
were no physical or clinical findings in the 
chest. Two days later a roentgenogram of the 
chest was essentially negative. Patient was 
discharged on the thirty-second hospital day. 



Fig. 3. Case n. Re-examination of the chest three 
days later reveals marked resolution of the promi- 
nent lung markings previously described. 
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luG. 4. Case in. Roentgenogram of the chest reveals 
an increase in the prominence of the hilar markings 
and root shadows. The cardiac silhouette appears 
normal. Re-examination three days later revealed 
the lung fields to be normal. 

Case hi, J, B., male, white, aged twenty- 
two. Patient admitted with severe vomiting 
and low back pain. Oliguria and albuminuria 
were severe and persisted for a week. Shortly 
after admission he developed large flame-like 



J 


h'lG, 5. Case iv. Ftoentgcnogram of the chest reveals 
prominence, enlargement and increased density in 
Ivith hilar areas with fine linear shadows radiating 
out into the lung fields. 


subconjunctival hemorrhages. Roentgenogram 
of the chest was made on the seventh hospital 
day. He was the least ill of the 3 living pa- 
tients. Discharged on thirty-second hospital 
day. 

Case iv. L. J., male, white, aged twenty- 
four, admitted with severe prostration, vomit- 
ing and generalized muscular pain. There was 
anuria for five days followed by oliguria and 
albuminuria. He developed subconjunctival 
hemorrhages and marked photophobia on the 



Fig. 6. Case iv. Re-examination of the chest one 
week later reveals marked improvement of the 
hilar and lung infiltration previously described. 
The lung fields now appear normal. It is noted 
that there has been marked change in the con- 
figuration of the cardiac silhouette. The heart on 
this examination is not as globular in shape. Part 
of this change in the cardiac silhouette may be 
attributed to the greater descent of the diaphragm 
and better aeration of the lungs. 

second hospital day. The soft tissues of the 
face became edematous and waxy. He had 
nitrogenous retention. The patient was unable 
to tolerate food by mouth for two weeks and 
required intravenous feeding. Roentgenogram 
of the chest on the seventh hospital day showed 
marked prominence and infiltration of both 
hilar areas. A second examination one week 
later revealed a decrease in the pulmonary 
infiltration and a change in the configuration 
of the cardiac silhouette. Convalescence was 
slow and he was discharged on the thirty- 
fourth hospital day after the most stormy 
cour.se of the living patients. 
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Pulmonary Changes in Carbon Tetrachloride Poisoning 


SUMMARY 

Four in a series of twenty cases of poison- 
ing by inhalation of carbon tetrachloride 
fumes have been presented along with 
roentgenograms of the chest. The clinical 
course of each case and the autopsy find- 
ings in the fatal case were consistent with 
those described in the literature. Pulmonary 
roentgenographic changes were discovered 
late in the course of events. The changes 
varied from consolidation of all five lobes to 
mild increase in all lung markings. In one 
case there was a change in the configuration 
of the cardiac silhouette between examina- 
tions. Only the fatal case had symptoms 
and physical findings of organic change in 
the lung fields. In the other three patients 
the predominating symptoms were gastro- 
intestinal followed by renal shut-down. 

It is interesting to note that the amount 
of change on the roentgenograms of the 
chest was directly proportional to the sev- 
erity of the patients’ clinical illness; i.e., 
the more ill the patient, the greater were 
the findings on the roentgenogram. Perhaps 
pulmonary roentgen changes may be used 
as criteria in the prognosis and morbidity of 


cases with carbon tetrachloride poisoning. 
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ESOPHAGOBRONCHIAL FISTULA THROUGH AN 
ESOPHAGEAL DIVERTICULUM 
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PSOPHAGOBRPNCHIAL fistulae are 
' not exceedingly rare but the occur- 
rence of such a fistula through an esopha- 
geal diverticulum has apparently been 
reported only once. It is for this reason and 
for the therapeutic possibilities of the cau- 
terization method of ClerPin the treatment 
of bronchoesophageal fistulae that our case 
is presented. 

CASE REPORT 

Mrs. J. M. (admission No. 114114), female, 
married, white, aged forty, entered Mount 
Sinai Hospital on September 2.1, 1941, with the 
chief complaint of “hemorrhage through the 
nose and mouth.” She stated that such an 
episode first occurred one afternoon in 1940 
while hurrying to board a streetcar, the blood 


loss being about one-half pint. When the 
patient returned home, she felt faint, nervous, 
restless and dyspneic. The bleeding gradually 
subsided but less severe attacks of bright red 
bleeding occurred subsequently. 

The patient awoke during the night of 
September 9, 1941, and regurgitated about a 
“pint” of dark clotted “chunks” of blood, and 
on the following day, she vomited bright red 
blood. She also complained of severe epigastric, 
right shoulder, and neck pains, the complaints 
being intensified while eating. She noticed that 
there was an increase in eructations, but they 
were not of the sour type. The patient claimed 
she was able to drink milk but could not 
tolerate fried or greasy foods or cream. The 
stools appeared darker than usual but not 
black. 

The past history included “flu” in 1918, a 
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hysterectomy in 193a and a ventral hernia 

repair in 1940. The patient had 5 miscarriages 
L.':, Ay; and 5 living children, having married at the 
> Ay L age of fifteen. 

] Physical Examination. On entrance to the 
hospital this obese, white, pale female was in 
•.y.yAi acute pain. There was marked right upper 
abdominal tenderness which was increased 
y^' Av- yJ during deep inspiration but no rigidity or 
,T ' -A.VT' '/i spasm was found. The liver, kidneys and 
' , T ■■■■ y ] spleen were not palpable. An incisional hernia 
y. -’i was recognized in the lower abdomen. No 
F'A definite abnormal physical findings were eli- 
'A'; V I cited in the heart or lungs. The blood pressure 
.y'i was 92/60, pulse 84. The impression on admis- 
y-/ ; /. ' I sion was (i) bleeding g.istric ulcer, (2) chronic 
yy .. ■//' 1 cholecystitis with cholelithiasis. 

• laboratory Data. The admission red blood 
y 'V : ! count was 4,250,000 per cu. mm.; hemoglobin 
■A ■ ■ . j 13 grams; white blood cell count 1 1,800 with a 
. nonnal differential count. The Kline test was 



I'lG. I. Spot roentgenogram taken during barium 
meal examination on Septcmlier zz, 1941, .shows a 
tract (T), probably fistulous, extending I'ostcriorly 
and inf'eriorly into the right lung region from 
diverticulum (D) in lower half of e.sophagtis. 


reported as negative. .A cathoterized urine 
specimen showed no definite abnormalitie.*^. 

Roentgen examination of the chest on 
September 22, 1941, by means of roentgenos- 
copy showed no gross abnormality in the 
heart, lungs, mediastinum or diaphragm. Upin 
administering a thick barium sulfate mixture, 
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the esophagus was opacified and a diverticulum 
measuring approximately 3 cm. in diameter 
was visualized in the lower half. A tract leading 
posteriorly from the diverticulum for about 
a distance of i inch was observed (Fig. i). 
Whether there had been a communication 
between the esophagus and bronchial tree was 
not stated at that time, but review of the 
roentgenograms, however, leads one to believe 
that there must have been a communication. 
In the region of the diverticulum considerable 
spasm was noted. There was no evidence of 
neoplastic involvement. The stomach and 
duodenum showed no abnormality. 

Cou7-se. On September 23, 194I) two days 
after admission, esophagoscopy was performed 
by Dr. John D. Steele and revealed the follow- 
ing: “At a point approximate)}'’ 10 cm. above 
the cardia, considerable thin, purulent secre- 
tions were seen coming from the right wall of 
the esophagus. After aspiration of these secre- 
tions, the diverticulum was easily seen. The 
opening of the diverticulum was approximately 
I cm. in diameter. The diverticulum was ap- 
proximately the size of a small olive and was 
lined with normal mucosa. The orifice of the 
fistulous tract was easily seen in the distal wall 
of the diverticulum. This orifice was circular 
and was approximately 3 mm. in diameter. 
There was no evidence of malignant change at 
any point.” 

Treatment consisted of bedrest, sedation, 
antispasmodics and a bland ulcer diet. The 
patient was discharged after a hospital stay 
of only three days. 

Follow-Up Record. Except for occasional 
episodes of slight bleeding, the patient’s general 
condition was good until July 10, 1942, when 
she again had a massive hemorrhage and was 
taken to the Milwaukee County Emergency 
Hospital. One week later she was discharged. 

This patient was readmitted to Mount 
Sinai Hospital on January 26, 1943, with a 
six day history of chills, fever, cough, hemopty- 
sis, emesis, and pain in the interscapular, left 
anterior chest and epigastric regions. In addi- 
tion, she complained of burning on urination 
and noticed foul smelling urine. The patient 
appeared acutely ill and was expectorating 
thick, tenacious, bloody sputum. Examination 
of the heart was essentially negative and the 
blood pressure was 130/80. The pulse was 
rapid and weak, the rate being 120. Percussion 
of the chest revealed dullness in the left base. 



Fig. 2. Esophagram made September 2, 1944, shows 
the esophagobronchial fistula. The fistulous tract 
is demonstrated betw'een the esophageal diverticu- 
lum (£)) and the bronchial tree {B). 

Bronchial breathing and moist, loud, crackling 
rales were heard in this area but wheezes were 
perceived over both lung fields. Tenderness was 
elicited in the right upper quadrant of the 
abdomen but no abdominal masses were 
palpable. Some fever was present, the tempera- 
ture on admission being 101.2° F. The diag- 
nosis was lobar pneumonia. Chemotherapy in 
the form of sulfathiazole was administered 
and the temperature fell to normal on the 
second day. The temperature remained normal 
thereafter and the patient was discharged after 
a hospital stay of nine days. 

About one and a half years later, or on 
August 25, 1944, the patient entered the 
hospital after she developed rather acutely, 
dyspnea and cough, followed by episodes of 
regurgitation and abdominal distention. The 
patient appeared slightly cyanotic, somewhat 
clammy and was distended. Percussion of the 
heart revealed suggestive enlargement to the 
left. The heart tones seemed weak and distant 
but no murmurs were heard. The blood pres- 
sure reading was 166/go, pulse was 94, and the 
temperature was 98.2° F. The abdomen, 
chiefly the left upper quadrant, was distended 
and presented a tympanitic note to percussion. 
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The impression gained was an acute gastrec- 
tasis. An electrocardiagram showed no evidence 
of myocardial involvement. The sedimentation 
rate was normal and the white blood cell count 



Ido. 3. Posteroanterior projection after ingestion of 
barium meal (September 2, 1944) shows filling of 
esophageal diverticulum and right main bronchus. 

was 8,200. Morphine was administered and 
Wangensteen suction was instituted. Within 
twenty-four hours the distention had disap- 
peared and the patient was free of symptoms. 
On the third day the patient was dismissed. 

Roentgen examination of the esophagus and 
cliest as a clinic patient on September 2, 1944, 
revealed the following: A diverticulum of the 
esophagus was opacified by the barium mixture 
and measured 3.5 cm. in diameter (Fig. 2). 
The diverticulum was situated posteriorly and 
approximately in the middle of the lower half 
of the esophagus. .A fistulous tract was visual- 
ized which extended from the posteroinferior 
aspect of the esophageal diverticulum to a 
right lower lobe bronchus. The right main 
bronchus was filled shortly thereafter (Fig. 3) 
and the patient proceeded to expectorate the 
opaque metiium. 'I'he right lower bronchi 
showed some saccular dilatation. 

Preliminary examination of the chest showed 
prominence of the lower portion of the right 
inlar sh;idow. .A few bronchoptieumonic areas 
were also noteii in tlic right lower lung medially. 

In view of the usual poor outlook for such a 
patient, it was agreed that some therapeutic 
nteasurc or measures would have to be in- 


stituted in an attempt to seal off the com- 
munication between the esophagus and bron- 
chial tree. The patient was therefore readmitted 
to the hospital on October 24, 1944, for eso- 
phagoscopy and cauterization of the fistulous 
tract. This was attempted according to the 
method of Clerf and was performed by Dr. 
John D. Steele as follows: “The 9 by 45 
esophagoscope was easily passed into the 
esophagus through the right pyriform sinus. 
The esophagoscope was first advanced to the 
cardia and then brought back along the right 
lateral wall of the esophagus until the divertic- 
ulum was encountered, as previously approxi- 
mately 10. cm. above the cardia. The opening 
of the diverticulum into the esophagus was ap- 
proximately 1.5 cm. in diameter. Thg divertic- 
ulum tapered dowm over a distance of ap- 
proximately 2 cm. At the distal end of the 
diverticulum a circular opening approximately 
3 mm. in diameter was present (Fig. 4). The 
mucosal lining of the diverticulum was normal 
in appearance. On inserting the a.spirator 
through the opening at the end of the diver- 
ticulum the patient coughed violently, un- 
doubtedly indicating that the aspirator had 
entered the bronchus. The aspirator could not 
be passed for more than a distance of 0.5 cm. 
beyond the visible portion of the opening. A 
small amount of bleeding followed passage of 



l-'in. 4. Dr.'iuifig of the esoplKigo.scopic findings of 
Dr. John 15 . Steele on OctolK-r 24, 1944- I h'-' 
esophace.il diverticulum (D) is represented by tiic 
darkly shaded area and the fistulous opening (/ j 
is demonstrated by the nng-like area. 1 he lichtiy 
shaded pjrtion is the uail of the esophacifs (/:). 
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the aspirator through this opening. The end 
of an applicator to which .fused sodium hy- 
droxide had been applied was then introduced 
into the mid-portion of the diverticulum and 
allowed to remain in place for exactly two 
minutes. On withdrawal of the applicator it 
was noted that considerable reaction had 
taken place, the mucosa lining the entire 
diverticulum now being bluish black in color 
and somewhat edematous. A swab soaked in 
boric acid solution was applied to this area. A 
small stomach tube was then inserted into the 
stomach through the nose.” 

Tube feeding was carried on for the following 
two days but the patient could not tolerate 
the stomach tube any longer. A soft diet was 
prescribed on the third postoperative day. 
The patient was discharged on November a, 
1944, but she had many episodes of hemoptysis 
in the interval. The patient was quite weak but 
showed no evidence of secondary anemia. 

Esophagram on December 12, 1944 (Fig. 5) 
still showed the esophagobronchial fistula but 
the diverticulum was approximately one-half 
the original size. The patient has to date 
refused further treatment. 

Comment. One can only postulate or the- 
orize on the formation of the fistula in our 
patient. We believe it is fair to assume that 
the fistula was due to a ruptured gangre- 
nous diverticulitis. Mediastinitis, pleuritis, 
pneumonitis and abscess formation prob- 
ably followed. Rupture of the abscess into 
the bronchus then resulted in the esopha- 
gobronchial fistula. 

The apparent failure of the one-stage 
cauterization in our case might be due to 
one or more factors. Perhaps the diameter 
of the communication or tract was too great 
to expect complete closure after just one 
cauterization. We believe that failure of 
complete closure of the tract was, at least in 
part, due to the fact that the patient pulled 
the stomach tube out after two days. The 
patient refused to have the tube reinserted. 

DISCUSSION 

Lahey® states that the presence of an 
esophageal diverticulum was first recog- 
nized in 1764 by Ludlow at postmortem 
examination. Diverticula of the esophagus 
are ordinarily classified into pulsion and 


traction types. The pulsion diverticula are 
divided further into thepharyngo-esophag- 
eal and supradiaphragmatic forms. The 
pharyngo-esophageal diverticulum is attrib- 
uted to a congenital weakness of the wall 
between the oblique and transverse fibers of 
the cricopharyngeus muscles. Congenital 
weakness of the muscle fibers is also said to 
be the cause of the supradiaphragmatic or 
“epiphrenial” diverticula. Diverticula oc- 
curring below the tracheal bifurcation are 
usually in the middle of the lower half of 



Fig. 5. December 12, 1944. Esophagram shows re- 
duction in size of esophageal diverticulum after 
cauterization therapy on October 24, 1944. The 
fistulous tract is evidently narrower. 

the esophagus.!® The pulsion diverticulum 
is more common in males than in females. 
The supradiaphragmatic type of pulsion 
diverticulum is rare, Lahey reporting only 
4 cases up through the year 1940. 

The traction diverticulum results from 
an inflammatory process in the adjacent 
tracheobronchial lymph nodes or medias- 
tinal pleura with the production of cicatri- 
zation which tends to pull the esophagus 
out in a lateral or anterior direction. These 
occur chiefly at the level of the tracheal bi- 
furcation. When the pulsion factor is added 
to traction diverticula, the latter become 
larger and rounded. Early in the develop- 



^4 


Abraham Melamed and Burton M. Zimmerman 


jAS’irARV, 1946 


ment of the traction diverticula, there is 
supposedly no muscular atrophy. 

As with esophageal diverticula, the liter- 
ature contains numerous reports of esopha- 
gobronchial fistulae. In most instances 
these fistulae have resulted from cancer of 
the esophagus, tuberculous periadenitis, 
syphilis of the esophagus, a congenital ab- 
normality or a foreign body in the esopha- 
gus.' By far the most frequent etiologic 
factor is esophageal cancer, and significant 
reports include those by ClerP, Clerf, 
Cooley and O’Keefe, Drew and Ormerod,^ 
Allen,^ and Brown.- In 1930 Sigora® re- 
ported a case of esophageal diverticulum 
which perforated into the pleural cavity 
with the development of an empyema. The 
cause for the traction diverticulum was not 
known. 

Pape® in 1934 presented a case report of a 
chronic esophagobronchial fistula through 
an esophageal diverticulum. This patient 
had two large and two small traction diver- 
ticula with a lower small one perforating 
into a right lower bronchus. The right lower 
lobe in this case showed signs of an old 
healed tuberculosis with evidence of calcifi- 
cation. This patient was a sixty year old 
white male who for two years complained of 
pain in the upper abdomen which was 
transmitted to the right chest. Other symp- 
toms included acid belches, nausea and oc- 
casional emesis of tasteless liquids. The 
therapy instituted consisted of advising the 
patient to lie on the side opposite to that of 
the diverticulum in order to impair the pas- 
sage of food particles into the sac. The pa- 
tient was also advised to eat thick pasty 
foods which Avould not pass into the di- 
verticulum as easily as fluids might. Eight- 
een months after instituting this regimen, 
there was noted a decrease in complaints 
with a narrowing of tiic fistulous tract as 
well as an associated weigiit gain. 

Diverticula of the esophagus arc usually 
incidental findings during roentgen exam- 
ination of the gastrointestinal tract. Unless 
an inflammatory process is present, they 
probably do not give rise to any symptoms. 


p-ie first complaint in a pulsion diverticulum 
is usually a disturbance in swalloa'ing. Pul- 
sion diverticula present symptoms which 
are related to food decomposition. Due to 
stasis in the sac over a long period of time, 
the patient regurgitates the contents of the 
diverticulum during the night or with 
change in position from the erect to the 
recumbent. In the case of traction diver- 
ticula, there may be no symptoms because 
the orifice is supposedly in a more depend- 
ent position than the sac and there is no 
problem of emptying. Even in the recum- 
bent position there should be little if any 
difficulty. Traction diverticula, at least 
early in their development, contain a mu.s- 
cular coat and are therefore capable of con- 
traction. Contents are therefore less likely 
to stagnate in such diverticula. Symptoms 
may accompany even such diverticula if 
active inflammatory changes are present. 
Partial obstruction due to spasm will give 
rise to difficulty in swallowing and even 
pain. 

The symptoms of a simple esophago- 
bronchial fistula consist essentially of in- 
ability to swallow food or liquid without 
initiating a violent episode of coughing or 
choking. There may be expectoration of 
sputum mixed with food. Hematemesis and 
hemoptysis can also occur. Retrosternal 
pain might be caused or aggravated by 
food intake. Interestingly enough, pain in 
the upper abdomen radiating to the right 
chest or shoulder occurred in Pape’s case 
and in our patient. In the latter this pain 
was o\^ershadowed by the hemorrhages. 
Nevertheless, this complaint was of suffi- 
cient concern for the examining piiysician 
to consider gallbladder disease. 

ROEN'TGEN ASPECTS 

Diverticula of the esophagus are in most 
instances first discovered by means of 
roentgen examination. 1'he roentgen exami- 
nation is often not very simple, especially if 
there is an associated inflammatory pro- 
cess. In any event, it is essential to examine 
the patient in all positions, including the 



VoL. 55, No. I 


Esophagobronchial Fistula ~S 


recumbent and even 'Trendelenburg posi- 
tion. Often it is necessary to vary the vis- 
cosity of the barium sulfate mixture in 
order to visualize the diverticulum. Other 
factors which might prevent filling of the 
diverticulum are debris in the diverticulum, 
occlusion of the neck of the diverticulum 
by an inflammatory process, and so forth. 

The pure traction diverticulum, before 
the pulsion factor is added, will probably 
not be visualized unless the patient is ex- 
amined in the recumbent or Trendelenburg 
position. The sac or fundus of the diver- 
ticulum is situated above the neck and, 
therefore, unless the fundus is placed in a 
dependent position in relation to the neck, 
the diverticulum might not be opacified. If 
pulsion diverticula are not completely filled 
by food or liquid and if the neck of the 
diverticulum is not occluded, they will be 
easily visualized. Contraction of the diver- 
ticulum is indicative of the presence of 
muscular fibers in the wall of the diver- 
ticulum. The traction diverticula are more 
apt to show evidence of contraction. 

Roentgen visualization of esophago- 
bronchial fistulae can be accomplished by 
means of esophagography or bronchog- 
raphy. Bronchography with the aid of 
iodized oil is probably preferable to esoph- 
agography if barium sulfate mixture is 
used in the latter. The barium sulfate mix- 
ture might cause serious sequelae but no 
deleterious eflFects were noted in our case. 
The roentgen findings can be confirmed by 
esophagoscopy or bronchoscopy. These 
methods offer further opportunity to deter- 
mine etiology by virtue of the facts that 
direct visualization is possible and that 
biopsy can be obtained. 

TREATMENT 

The cauterization method of therapy em- 
ployed in our case was devised by Clerf who 

^933 reported a case of bronchoesophag- 
eal fistula treated with 30 per cent silver 
nitrate. This material was applied to the 
esophageal end of the fistula through an 
esophagoscope. The patient was then fed 


via a Rehfuss tube. Several weeks later, the 
orifice of the fistula appeared to have been 
obliterated. Clerf, Cooley and O’Keefe in 
1943 reported 2 cases in which esophago- 
scopic application of sodium hydroxide 
crystal fused on a curved metal applicator 
was used with satisfactory results. Pape 
noted that his patient showed a decrease in 
complaints and that the fistulous tract 
was narrowed following such treatment. 
Whether the added factor of a diverticu- 
lum between the esophagus and air pas- 
sages direct!}' modifies the results obtained 
with Clerf’s cauterization method as com- 
pared with the good results in simple 
bronchoesophageal fistulae is difficult to 
state. Beneficial effects have been noted 
following one cauterization but complete 
cures might require more than one appli- 
cation of caustic material in those cases 
where a diverticulum is present or in those 
instances where the fistulous tract is quite 
large. 

The cauterization method, in our opin- 
ion, holds promise for cure of esophago- 
bronchial fistulae. On the basis of our lim- 
ited experience and review of the scant 
literature on the subject, it becomes evi- 
dent that several factors must be consider- 
ed and certain precautions taken. The 
application of the caustic must be carefully 
timed. A lengthy application is probably 
more harmful than a short one; too exten- 
sive or prolonged cauterization might result 
in erosion of a neighboring blood vessel. 
Following the cauterization it is important 
to put the esophagus at rest. This can be ac- 
complished by inserting a stomach tube 
which should be left in situ for probably at 
least two weeks. Antispasmodics should be 
administered, and parenteral feedings are 
valuable adjuncts. Coughing should be pre- 
vented as much as possible by the admin- 
istration of drugs such as codeine. 

SUMMARY 

A case of esophagobronchial fistula oc- 
curring at the site of an esophageal diver- 
ticulum is presented. The treatment of such 
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ment of the traction diverticula, there is 
supposedly no muscular atrophy. 

As with esophageal diverticula, the liter- 
ature contains numerous reports of esopha- 
gobronchial fistulae. In most instances 
these fistulae have resulted from cancer of 
the esophagus, tuberculous periadenitis, 
syphilis of the esophagus, a congenital ab- 
normality or a foreign body in the esopha- 
gus." By far the most frequent etiologic 
factor is esophageal cancer, and significant 
reports include those by ClerP, Clerf, 
Cooley and O’Keefe, Drew and Ormerod,'’ 
Allen,^ and Brown.- In 1930 Sigora® re- 
ported a case of esophageal diverticulum 
which perforated into the pleural cavity 
with the development of an empyema. The 
cause for the traction diverticulum was not 
known. 

Pape® in 1934 presented a case report of a 
chronic esophagobronchial fistula through 
an esophageal diverticulum. This patient 
had two large and two small traction diver- 
ticula with a lower small one perforating 
into a right lower bronchus. The right lower 
lobe in this case showed signs of an old 
healed tuberculosis with evidence of calcifi- 
cation. This patient was a sixty year old 
white male who for two years complained of 
pain in the upper abdomen which was 
transmitted to the right chest. Other symp- 
toms included acid belches, nausea and oc- 
casional emesis of tasteless liquids. The 
therapy instituted consisted of advdsing the 
patient to lie on the side opposite to that of 
the diverticulum in order to impair the pas- 
sage of food particles into the sac. The pa- 
tient was also advised to eat thick pasty 
foods which would not pass into the di- 
verticulum as easily as fluids might. Eight- 
een months after instituting this regimen, 
there was noted a decrease in complaints 
with a narrowing of the fistulous tract as 
well as an associated weight gain. 

Diverticula of the esophagus are usually 
incidental findings during roentgen exam- 
ination of the gastrointestinal tract. Unless 
an inflammatory process is present, they 
probablv do not give rise to any symptoms. 


The first complaint in a pulsion diverticulum 
is usually a disturbance in swallowing. Pul- 
sion diverticula present symptoms which 
are related to food decomposition. Due to 
stasis in the sac over a long period of time, 
the patient regurgitates the contents of tlie 
diverticulum during the night or with 
change in position from the erect to the 
recumbent. In the case of traction diver- 
ticula, there may be no symptoms because 
the orifice is supposedly in a more depend- 
ent position than the sac and there is no 
problem of emptying. Even in the recum- 
bent position there should be little if any 
difficulty. Traction diverticula, at least 
early in their development, contain a mus- 
cular coat and are therefore capable of con- 
traction. Contents are therefore less likely 
to stagnate in such diverticula. Symptoms 
may accompany even such diverticula if 
active inflammatory changes are present. 
Partial obstruction due to spasm will give 
rise to difficulty in swallowing and even 
pain. 

The symptoms of a simple esophago- 
bronchial fistula consist essentially of in- 
ability to swallow food or liquid without 
initiating a violent episode of coughing or 
choking. There may be expectoration of 
sputum mixed with food. Hematemesis and 
hemoptysis can also occur. Retrosternal 
pain might be caused or aggravated by 
food intake. Interestingly enough, pain in 
the upper abdomen radiating to the right 
chest or shoulder occurred in Pape’s case 
and in our patient. In the latter this pain 
was overshadowed by the hemorrhages. 
Nevertheless, this complaint was of suffi- 
cient concern for the examining physician 
to consider gallbladder disease. 

ROENTGEN .ASPECTS 

Diverticula of the esophagus are in most 
Instances first discovered by means of 
roentgen examination. The roentgen exami- 
nation is often not very simple, especially if 
there is an associated inflammatory pro- 
cess. In any event, it is essential to examine 
the patient in all positions, including the 
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recumbent and even Trendelenburg posi- 
tion. Often it is necessary to vary the vis- 
cosity of the barium sulfate mixture in 
order to visualize the diverticulum. Other 
factors which might prevent filling of the 
diverticulum are debris in the diverticulum, 
occlusion of the neck of the diverticulum 
by an inflammatory process, and so forth. 

The pure traction diverticulum, before 
the pulsion factor is added, will probably 
not be visualized unless the patient is ex- 
amined in the recumbent or Trendelenburg 
position. The sac or fundus of the diver- 
ticulum is situated above the neck and, 
therefore, unless the fundus is placed in a 
dependent position in relation to the neck, 
the diverticulum might not be opacified. If 
pulsion diverticula are not completely filled 
by food or liquid and if the neck of the 
diverticulum is not occluded, they will be 
easily visualized. Contraction of the diver- 
ticulum is indicative of the presence of 
muscular fibers in the wall of the diver- 
ticulum. The traction diverticula are more 
apt to show evidence of contraction. 

Roentgen visualization of esophago- 
bronchial fistulae can be accomplished by 
means of esophagography or bronchog- 
raphy. Bronchography with the aid of 
iodized oil is probably preferable to esoph- 
agography if barium sulfate mixture is 
used in the latter. The barium sulfate mix- 
ture might cause serious sequelae but no 
deleterious effects were noted in our case. 
The roentgen findings can be confirmed by 
esophagoscopy or bronchoscopy. These 
methods offer further opportunity to deter- 
mine etiology by virtue of the facts that 
direct visualization is possible and that 
biopsy can be obtained. 

TREATMENT 

The cauterization method of therapy em- 
ployed in our case was devised by Clerf who 
^933 reported a case of bronchoesophag- 
eal fistula treated with 30 per cent silver 
nitrate. This material was applied to the 
esophageal end of the fistula through an 
esophagoscope. The patient was then fed 


via a Rehfuss tube. Several weeks later, the 
orifice of the fistula appeared to have been 
obliterated. Clerf, Cooley and O’Keefe in 
1943 reported 2 cases in which esophago- 
scopic application of sodium hydroxide 
crystal fused on a curved metal applicator 
was used with satisfactory results. Pape 
noted that his patient showed a decrease in 
complaints and that the fistulous tract 
was narrowed following such treatment. 
Whether the added factor of a diverticu- 
lum between the esophagus and air pas- 
sages directly modifies the results obtained 
with Clerf’s cauterization method as com- 
pared with the good results in simple 
bronchoesophageal fistulae is difficult to 
state. Beneficial effects have been noted 
following one cauterization but complete 
cures might require more than one appli- 
cation of caustic material in those cases 
where a diverticulum is present or in those 
instances where the fistulous tract is quite 
large. 

The cauterization method, in our opin- 
ion, holds promise for cure of esophago- 
bronchial fistulae. On the basis of our lim- 
ited experience and review of the scant 
literature on the subject, it becomes evi- 
dent that several factors must be consider- 
ed and certain precautions taken. The 
application of the caustic must be carefully 
timed. A lengthy application is probably 
more harmful than a short one; too exten- 
sive or prolonged cauterization might result 
in erosion of a neighboring blood vessel. 
Following the cauterization it is important 
to put the esophagus at rest. This can be ac- 
complished by inserting a stomach tube 
which should be left in situ for probably at 
least two weeks. Antispasmodics should be 
administered, and parenteral feedings are 
valuable adjuncts. Coughing should be pre- 
vented as much as possible by the admin- 
istration of drugs such as codeine. 

SUMMARY 

A case of esophagobronchial fistula oc- 
curring at the site of an esophageal diver- 
ticulum is presented. The treatment of such 
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lesions according to the cauterization 
method of Clerf is discussed and the result 
of single cauterization of an esophagobron- 
chial fistula through an esophageal diver- 
ticulum is described. 
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TRUE PERICARDIAL DIVERTICULUM* 
REPORT OF A CASE, WITH SAFE OPERATIVE REMOVAL 
By MORTON L. MAZER, M.D.f 

DALLAS, TEXAS 


HISTORY AND PATHOLOGY 

P ERICARDIAL diverticulum was first 
described in 1837 by Hart,^ in the- 
Dublin Journal oj Medical Science. One 
hundred years later, Cushing,^ in a compre- 
hensive review, listed a total of 40 cases. 
Thirteen other cases have appeared in the 
literature since 1937, a total of 53. 

In recent years, a verj'- sharp and clearcut 
distinction has been made between two 
groups of these cases. First, there is the 
larger group of encapsulated pericardial 
effusions, bearing the same relationship to 
the pericardium as a loculated empyema 
does to the pleura. These “inflammatory 
diverticula” or “pseudodiverticula” occur 
in the pathogenesis of tuberculous pericar- 
ditis, rheumatic pancarditis and syphilitic 
cardiovascular disease. The second group, 
the so-called “congeftital diverticula,” oc- 
cur in the absence of any other cardiac or 
pericardiac pathologic condition. Haas 
states that formation of such a diverticu- 
lum occurs at a point of weakness in the 
parietal pericardium, where the fibrous 
layer goes out along the great vessels. He 
describes three points of predilection; the 
base of the aorta high on the right side, the 
junction of the superior and inferior venae 
cavae on the right, lower down, and on the 
left, at the junction of the pulmonary veins- 
This group might well be labeled “true peri- 
cardial diverticula,” so that their radical 
difference from encapsulated pericardial 
effusion in respect to pathogensis, appear- 
ance, and especially prognosis may be firm- 
ly established. 

True diverticula are apparently the less 
common type; of the total of 53 cases re- 
ported, 38 (72 per cent) are encapsulated 
pericardial effusions; several case reports in 
the remaining group do not give sufficient 
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information to classify them. No case of 
true pericardial diverticulum, proved by 
operation or autopsy, has appeared hereto- 
fore in the American literature. 

CASE REPORT 

The patient, female, aged fifty-five (Unit 
No. 340540) was first admitted to the Mas- 
sachusetts General Hospital on February 2, 
1942, for study. The patient was unmarried, 
American born, and a professional proofreader 
for many years. Her chief complaints were 
long-standing unproductive cough, and oc- 
casional epigastric distress, accompanied by 
mild nausea. There is no record of the presence 
of chest pain, dyspnea, cyanosis, expectoration, 
ankle edema, or weight loss. The past medical 
history included a hysterectomy fifteen years 
before. There was no history of tuberculosis, 
rheumatism, venereal disease, or glandular 
enlargement. Physical examination revealed 
mild obesity, blood pressure of 140/95, edentia, 
and normal body temperature, pulse, and 
respiratory rate. Hemoglobin was 15.5 gm. 
per 100 cc., erythrocyte count, 5,010,000, 
leukocyte count, 8,800, with 75 per cent 
polymorphonuclears, 21 per cent lymphocytes, 
3 per cent monocytes, and i per cent eosino- 
phils. On routine blood smear, the red blood 
cells and platelets appeared normal. Sedimenta- 
tion rate was 5 mm. in sixty minutes. The blood 
sugar was 71 mg. and the nonprotein nitrogen 
26 mg. The Hinton test was negative. A single 
urinalysis failed to reveal any abnormality. 
Kidney function, as expressed by the phenol- 
sulfonphthalein test was good, 25 per cent of 
the dye being excreted at the end of fifteen 
minutes, and 55 per cent at the end of sixty 
minutes. The basal metabolic rate was minus 
5 per cent. Stool examination was negative for 
blood and mucus. Oral cholecystography, 
barium meal, and barium enema failed to show 
abnormality in the gastrointestinal tract. 

Examination of the chest (Fig. i) revealed a 
sharply defined, pear-shaped mass, 6 cm. in its 
greatest diameter, lying in the right cardio- 
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Fig. I 


phrenic angle, against the anterior chest wail. 
Under the roentgenoscope, the mass moved 
with the diaphragm; it did not pulsate, nor 
change size with respiration or change in posi- 
tion. The differential diagnoses considered were 
fat pad, omental hernia, and mediastinal tumor. 

The patient left the hospital untreated, and 
was observed at intervals by her local physi- 
cian. She was readmitted to the hospital eleven 
months later, on December 2.9, 1942. There had 
been no increase in the symptoms, and no new 
ones. Physical examination revealed no change 
from the findings previously recorded. Rbent- 
genographic examination of the chest showed 
the mass to be slightly larger than before. On 
January 2, 1943, the chest was explored. 

Operative Findings (Dr. Richard Sweet, 
surgeon). The chest was opened by an anterior 
intercostal incision. The tumor was easily 
found and was obviously cystic in nature. 
There was no thickening of the wall and no 
evidence of inflammatory reaction. The only 
attachment of the mass was to the pericardium. 
In developing the cleavage plane between the 
mass and the pericardium, it was noticed that 
the fluid within the mass began to disappear, 
and, in squeezing it, ail the fluid was cxpres.sed 
into the pericardia! cavity. When the prc.ssure 
was released, the action of the heart slowly 
pushed the fluid back into the sac, distending 


it once more about as much as when it was 
first seen. This maneuver was repeated several 
times. The diverticulum was then thoroughly 
freed, and its communication witli the peri- 
cardium found. The communicating opening 
was a little more than 0.5 cm. in diameter. At 
this point it looked very much like a hernial 
sac, and the coarse fibers of the pericardium 
could be seen decussating around the neck of 
the diverticulum, the wall of which was much 
thinner than the pericardium. There was no 
evidence of other disease of the pericardium. 
The neck of the sac was then opened and the 
communicating opening actually visualized. 
The diverticulum was removed and the chest 
wall closed. The patient had an uneventful 
convalescence, and was discharged from the 
hospital on the fourteenth postoperative clay. 

Pathological Findings. Grossly, the specimen 
is a roughly retort-shaped sac, measuring 8 by 
4 by 1.5 cm. Its external surface is smooth, 
glistening, thin, and translucent. There was 
22 cc. of light yellow, slightly blood-stained 
fluid in the sac. Microscopically, the lining is 
composed of well differentiated serosa! cells. 

DirFERENTlAI. DIAGNOSIS 
True pericardia! diverticulum is included 
in the group of diseases presenting them- 
selves as a mass seen in, on, or close to the 
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heart. These include marked enlargement 
of one or more chambers of the heart, es- 
pecially of the left atrium; aneurysm of the 
heart; tumor of the heart, pericardium, 
mediastinum, or adjacent lung, especially 
mediastinal dermoid or benign pericardial 
adenoma; encapsulated pericardial effu- 
sion; aneurysm of the root of the aorta; dia- 
phragmatic hernia close to the heart, and 
fat pad. 

The absence of clinical findings of cardio- 
vascular disease will rule out marked en- 
largement of one or more of the chambers 
of the heart, cardiac aneurysm and encap- 
sulated pericardial effusion. Aneurysm of 
the root of the aorta may be ruled out by 
absence of other evidence of cardiovascular 
syphilis, negative serology, and the roent- 
genological appearance of the rest of the 
aorta. Barium studies of the gastrointesti- 
nal tract will sometimes eliminate the pre- 
sence of diaphragmatic hernia, depending 
on what is in the hernial sac. The history, 
the absence of physical signs in the chest, 
and possibly lipiodol bronchography will 
rule out lung tumor. 

Differentiation from cardiac, pericardiac, 
or mediastinal tumor, especially dermoid or 
benign pericardial adenoma, and from fat 
pad appears more difficult. Location of the 
lesion is not especially helpful. The theory 
of Haas^ as to the sites of predilection, men- 
tioned previously, is confirmed by the fact 
that the majority of pericardial diverticula 
occur at the lower right border of the heart, 
anteriorly, a smaller number higher up on 
the right border and a smaller number near 
the location of the left atrium on the left. 

Jansson'* has found a very helpful sign: in 


his case, there was marked change in the 
shape of the mass in deep inspiration and 
forced expiration. In inspiration, the mass 
became long and narrow; in expiration, 
rounder, shorter, and broader. No such 
change was observed in our case; however, 
the diverticulum described by Jansson was 
four to five times larger than the one de- 
scribed here. 

Dr. George W. Holmes® has suggested an 
interesting possibility in the differential di- 
agnosis; that is, observation in the lateral 
decubitus position, with the mass higher 
than the heart, may show diminution in the 
size of the mass, since the fluid may run 
back into the pericardial sac, as observed at 
the time of operation in this case. 

SUMMARY 

A distinction has been offered between 
inflammatory sacculation of the pericardi- 
um, occurring in the pathogenesis of peri- 
carditis, and true non-inflammatory diver- 
ticulum of the pericardium. A case of the 
latter type is reported. 

2512 Oak Lawn Ave. 

Dallas 4, Texas. 
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RICKETS AND INFANTILE SCURVY OCCURRING 
IN A CASE OF OSTEOGENESIS IMPERFECTA* 

By RALPH S. BROMER, M.D. 

PHILADELPHIA, PENNSYLVANIA 


/V FFECTIONS of tlie skeleton may oc- 
cur simultaneously in children. Ex- 
amples of this are the combination of rick- 
ets and infantile scurvy, congenital syphilis 
and infantile scurv}^, and rickets and lead 
poisoning.^ Of these, the occurrence of rick- 
ets and scurv}' is not infrequent, the devel- 
opment of rickets in a case of congenital 
syphilis is probably less frequent and the 
combination of lead poisoning and rickets 
is rare. A patient was admitted to the 
Children’s Hospital who presented evidence 
of osteogenesis imperfecta with patho- 
logical fractures. At the age of three months 
he developed rickets and at the age of one 
year and nine months he was admitted 
with unmistakable evidence of infantile 
scurvy. 

CASE REFORTf 

The patient was a Negro male infant, aged 
three months, admitted for the first time on 



Fig. 1. Note the deformity of the right mdiu.*; with 
decalcification and an osteoid zone at the distal end 
of the diaphysis. Slight flaring of the distal ex- 
tremity, right radiius. Examination made on first 
admission of patient to the hospital. 


February 19, 1943. The baby was born at full 
term with an easy labor and a spontaneous de- 
livery. His birth weight was 6 pounds. At two 
months of age his mother noticed that his head 
was soft. He had been breast fed for one month 
and then was given evaporated milk, 8 oz. with 
two tablespoonsful of karo and water, 13 oz. 
The mother claimed that orange juice was 
started at two months and had been given faith- 
fully. He also received, starting at two months, 
J teaspoonful of cod liver oil, daily. 

The infant was underdeveloped and under- 
nourished but did not appear to be acutely ill. 
The head had a soft consistency suggesting a 
craniotabes. The circumference of the head was 
I3f inches, the anterior fontanelle measured 
by 3- inches, the posterior fontanelle by -J 
inch. The fontanelies were not bulging. On this 
first admission no bluish tinge of the scleras 
was noted. In the chest there was a slight prom- 
inence of the costochondral junctions. 'J'hc 
heart and lungs were normal. 

The Wassermann and Kahn reactions were 
negative. On admission, the serum calcium was 
9.2 mg., serum phosphorus was 3.8 mg., phos- 
phatase 17.9 Bodansky units. The blood urea 
nitrogen was 11.5 mg. By April 23, 1945, the 
serum phosphatase had dropped to 14.8 Bodan- 
sky units. 

On admission, the roentgen examination re- 
vealed thinning of the cortex of all the long 
bones. In the forearms decalcification of each 
radius and ulna was shown, the bones having a 
slightly streaked appearance. The right radius 
was curved and deformed which could have 
been due to old fracture, possibly intrauterine. 
The distal ends of both bones of each forearm 
showed spre.ading, especially the right. I he 
distal end of the diaphy.sis of the right r.adius 
was cupped with a layer of osteoid bone at its 
extremity, and there was fraying out of the 
zone of temporary calcification. 

In the thorax there was marked atrophy .and 
thinning of the ribs with spreading and cupping 
of their anterior ends. .A fracture f>f the right 
clavicle was present with callus formation. 
Each humerus also was atrophied. 


1 1 wEh to express my thanks and apprcci-ition to Dr. Joseph 
Stokes for permission to' report this case from his service. 

• From the Department of Itoentccnology of the Children's Hospital, Philadelphia, I’cnnsyU-ania. 
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In the skull the tables were extremely thin 
with an open anterior fontanelle and somewhat 
widened sutures. 

At the time of discharge, after treatnient 
with high dosage of vitamin D and calcium 
chloride, the infant had gained weight and \yas 
much improved. The roentgen examination 
showed an improvement in the degree of calci- 
fication of the bones of the forearms, increased 
density of the zones of temporary calcification 
and a disappearance of the osteoid zone at the 



Fig. 2. Marked thinning and atrophy of the ribs 
with flaring of their anterior ends. Old fracture of 
the right clavicle. First admission. 

distal end of the diaphysis of the right radius. 
The patient was discharged on April 30, 1943. 

The patient was admitted the second time on 
August 28, 1944, with a history of illness since 
August I, 1944. He was extremely fretful and 
cried when handled. He lay with both legs 
drawn up in a frog position. For three days be- 
fore admission his mother had noticed blood in 
the stools. She gave a history of adequate feed- 
ing except that the child took no orange juice. 
The patient’s weight was 14 pounds. On physi- 
cal examination he appeared to be acutely ill. 
Was malnourished and underdeveloped. The 
head gave the impression of possible cranio- 



Fig. 3. Marked thinning of all bones of the vault of 
the skull with lack of normal calcification per- 
sisting after seven weeks of antirachitic therapy. 

tabes. A slight bluish tinge was noted in the 
scleras. The gums were sore and bleeding. In 
the chest there were enlarged costochondral 
junctions but no Harrison’s groove. All joints 
were tender and enlarged. 

On August 29, serum calcium was 9.4 mg. 
and phosphorus was 4.1 mg., phosphatase was 
6.8 Bodansky units. 

On roentgen examination the long bones 
showed extreme thinning of the cortex, and 
atrophy more marked than on the first exam- 
ination. The atrophy was especially prominent 
in each fibula. Typical scorbutic hemorrhages 



Fig. 4. Increased calcification of the diaphyses of 
the bones of the forearms with disappearance of 
the osteoid zone at the distal end of the right 
radius, after seven weeks of antirachitic therapy. 
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Fio. 5. //, second admission. Subperiosteal 
hemorrhage at upper extremity of the right 
humerus. Infraction of the metaphysis, 
upper extremity of the left humerus with 
displacement of the epiphyseal center. 
Marked atrophy of the ribs with flaring of 
their anterior ends typical of a rosary. li, 
persistence of atrophy of the bones of the 
upper extremities. Second admission. C, 
ring shadows about the cpipliyscal centers 
of the femurs and tibias. Lateral spur at 
distal extremity of diaphysis of left femur. 
Extreme atrophy of the fibulas. Early sub- 
periosteal hemorrhage, right femur. 


were present in t)ie upper end of tlie diaphy.sis 
of the right humenis and in the distal end of the 
diaphysis of eac)i femur. In the upper end ot the 
diapliysis of the left humerus there was a 
metaphyseal infraction with displacement of 
the epiphyseal center. Distinct ring shadows 
were visible in the epiphyseal centers of the 
upper ends of the tibias and the lower ends of 
the femurs. 


In the thorax marked spreading and cupping 
of the anterior rib ends with extreme thinning 
and atrophy were present. 'Fhe appearance was 
that of a rosary, nu)st likely of scorl)utic origin. 
The old fracture of the right clavicle was still 
visible. 

The tables ot the skull were better calcifiet! 
than on the first admission but they were still 
somewhat thinner than normal. .A mosaic ap- 
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Fig. 6. subperiosteal hemorrhages in the distal ends of the diaphyses of the femurs, one month after anti- 
scorbutic treatment was started. B, appearance of the skull, one month after second admission (age, 
twenty-two months). Note thinning of the tables with mosaic appearance of the occipital area. 


pearance, due to large wormian bones In the 
occipital and posterior parietal areas had de- 
veloped since the last examination. The sutures 
were again wider than normal. 

The child was placed on a high caloric diet 
and was given therapeutic doses of all vitam- 
ins. On discharge his legs were fairly well ex- 
tended and roentgen examination showed sat- 
isfactory healing of the scorbutic hemorrhages. 
His gain in weight was not, however, satisfact- 
ory and he had only gained I pound when dis- 
charged on November 1 1, 1944. 

He was admitted for the third time on Nov- 
ember II, 1944. He had fallen from a highchair 
the day previous to admission. He held his left 
leg immobile. His mother stated that she had 
put him to bed immediately after the fall where 
he remained without complaint. The roentgen 
examination showed a fracture of the left femur 
m the distal third with some bowing of the 
fragments, convexity anterior. The rings about 
the epiphyseal centers of the femur and tibia 
had become denser and wider and there was 
increased calcium deposition in the cortex of 
the shafts. Atrophy was still present, especially 
m the fibula. He was discharged on December 
I 3 j y 944 ‘ The bluish tinge of the scleras ivas 
again noted on this admission. 


On February 4, 1945, he was admitted for 
the fourth time. There was no history of a defin- 
ite trauma. On roentgen examination a fracture 
of the right humerus was found located at ap- 
proximately the junction of the upper and mid- 
dle thirds of the bone. He had been in good con- 



Fig. 7. Well developed subperiosteal hemorrhage in 
healing stage, upper end of the right humerus 
after six weeks of antiscorbutic treatment during 
second admission. Note healing of the infraction 
in upper metaphysis of the left humerus. 
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Kic. 8. Third admission. Fracture of the left femur 
in the distal third. Increased density and width of 
the rings about the epiphyseal centers and of the 
zones of temporary calcification. 

dition from tlie date of his previous discharge 
until three days before admission when he de- 
veloped a severe cougli and liad refused to eat. 
His mother brought him to the hospital because 
of this and not because of any symptoms refer- 
able to the fracture. On both the third and 
fourth admissions he had a chronic otitis media. 
He was discharged on March 14, 1945. 

DISCUSSION 

Osteogenesis imperfecta tarda is charac- 
acterized roentgenologically by the typical 
gnarled appearance of the bones of the 
extremities witli marked deformities caused 
by the multiple fractures. The cortex is 
thin. Callus deposits can be detected in the 
shafts at the sites of the fractures. The 
thorax is compressed and the ribs are bent. 
The bones usually show a marked degree of 
osteoporosis. The tables of the skull arc 
extremely thin and often calcification and 
ossification seem to be entirely lacking in 
some areas. Sutures are wide. 

Clinically the skull on pressure is no 
thicker than parchment due to defective 
membranous bone development. This has 


led to the term “rubber ball head.” Knaggs'^ 
called attention to the fact that the mem- 
branous areas which intervene between the 
immature bone are apt to become filled 
with numerous wormian bones resulting 
from discrete patches of ossification. The 
vault is thus represented by a mosaic of 
larger and smaller bone plates, sometimes 
touching one another and sometimes united 
by bridges of periosteum and dura. In some 
cases, the skull can be moulded by pressure 
of the hands. 

Osteogenesis imperfecta tarda is char- 
acterized in the roentgenogram by marked 
thinning of the cortex of the long bones and 
deformity usually dependent upon the 
number of fractures present. There may, 
however, be bowing without actual frac- 
ture. Generalized osteoporosis may be seen. 
The metaphyses and epiphyses have a 


i 
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widened appearance for the most part due 
to die atrophy of the shafts. The area of 
the diaphyso-epiphyseal junction is usually 
normal. Slight infractions of the periosteum 
may be seen sometimes rather than actual 
fracture. In such areas callus formation can 
later be found. There is often a noticeable 
lack of pain accompanying the fractures. 
This has been accounted for by the subper- 
iosteal nature of many of the fractures. 
Knaggs believes that, in the cases in which 
signs first appear in childhood or adoles- 
cence, the fundamental change was present 
in early uterine life. The less the defect, the 
greater is the likelihood that its signs will 
be delayed until the patient is able to get 
about and is exposed to the ordinary slight 
traumatisms of a usually healthy life. As a 
rule, the earlier in life the fractures first 
occur, the greater is the liability to fracture. 

The diagnosis of osteogenesis imperfecta 
can be justified by the following: the occur- 
rence of multiple fractures, some without 
history of trauma; the roentgen appearance 
of extreme atrophy of the shafts of the long 
bones and ribs and the apparent widening 
of the epiphyseal and diaphyseal areas; 
the lack of pain accompanying the frac- 
tures; the bluish tinge of the scleras. No 
history of occurrence in other members of 
the family could be obtained but this ab- 
sence of a familial or hereditary tendency 
does not rule out the diagnosis as the non- 
hereditary occurrence of osteogenesis im- 
perfecta or osteopsathyrosis has been re- 
ported quite frequently in the literature. 
Such cases have been included in a separate 
category in the classification of the disease 
by Key.® 

The presence of the fracture of the right 
clavicle and the deformity of the right radi- 
us suggests that the condition was present 
a-t birth and during intrauterine life. The 
roentgen appearance is not that of the 
usual type of osteogenesis imperfecta con- 
genita but is more like that of the late 
types. The unusual feature is the presence 
of this roentgen appearance in early in- 
fancy with some evidence that it was pres- 
ent at birth. Foote® has described an infan- 


tile type that appears after the child begins 
to walk or stand without support. These 
children usually die comparatively early as 
a result of intercurrent infection. 

The signs indicative of rickets on tlie 
first admission of the patient are as follows: 
decalcification of the bones of the forearms 
and lower extremities; the fraying out of 
the zones of temporary calcification in the 
distal end of the right radius with the pres- 
ence of an osteoid zone; the tendency to 
widening and spreading of the diaphyseal 
ends and the similar appearance in the rib 
ends due to enlargement of the costo- 
chondral junctions. 

The craniotabes of the skull could be due 
either to rickets or to osteogenesis imper- 
fecta. Park and Eliot" state that the cranio- 
tabes of osteogenesis imperfecta is fully 
developed at birth, is far more extensive 
than in rickets and involves the anterior 
half of the skull as well as the posterior 
half. In osteogenesis imperfecta there are 
sometimes scattered islands of bone. They 
also call attention to the fact that in nor- 
mal infants, one or two months old, but 
more frequently in premature babies, thin- 
ness of the skull may be found which is of 
no pathological significance. In the skull of 
the case reported here there was only a 
uniform thinning of the tables with lack of 
calcification. On the second admission a 
mosaic appearance had developed which 
suggests involvement due to osteogenesis 
imperfecta. It would seem logical to assume 
that the rickets was of mild degree and that 
the condition of the skull was not due solely 
to rickets. However, increased calcification 
and slight thickening of the tables occurred 
after antirachitic treatment was begun. 

The occurrence of subperiosteal hemor- 
rhages confirms the diagnosis of infantile 
scurvy. In addition, there were definite 
ring shadows about the epiphyseal centers. 
Other signs such as thinning of the cortex, 
the ground glass appearance of the meta- 
physeal areas extending toward the middle 
of the shafts and the zone of rarefaction 
adjacent to the zone of temporary calcifi- 
cation, were obscured by the markedly 
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atrophic condition of the bones present 
from birth. The spreading and cupping of 
the rib ends due to marked enlargement of 
die costochondral junction found on die 
second admission could have been due to a 
scorbutic rosary. 

Czerny and Keller- drew attention to 
multiple fractures with general fragility of 
the bones occurring in infants which tliey 
ascribed to a special form of avitaminosis 
and which they believed should not be in- 
cluded in the category of osteogenesis im- 
perfecta of either the congenital or late 
types. This was later emphasized by Heise'* 
who suggested that as blue sclera is an indi- 
cation of originally weakened mesenchyme, 
the patients are less resistant to bone dis- 
eases in general. He reported the cases of 
two children, twins, who after attacks of 
scurvy showed fragility of the bones with 
fractures. He felt diat they could not be 
considered as cases of fragility due to osteo- 
genesis imperfecta but of fragility due to 
avitaminosis. The fact that fractures were 
present before the occurrence of the scurvy 
would rule out such cause in the patient 
under consideration. 

SUMM.ARV 

A case is reported of a male Negro infant 


who showed evidence of osteogenesis im- 
perfecta apparently present from birth. 
Rickets developed at the age of three 
months and infantile scurvy at twenty- 
one months. The unusual feature of the 
case is the presence at an early age of osteo- 
genesis imperfecta with some evidence that 
it was present from birth and that the type 
of roentgen changes in the skeleton was 
indicative of the late type of the disease 
rather than the congenital. 

Bryn Mawr Hospital, 

Bryn Mawr, Penna. 
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GENERALIZED LEONTIASIS OSSEA* 

By COMMANDER L. H. GARLAND (MC) USNR 


L EONTIASIS OSSEA is an uncommon 
disease, consisting of diffuse bony 
thickening, usually confined to the skull 
(notably the bones of the face) but oc- 
casionally associated with involvement of 
the long bones. It is also known as hyper- 
ostosis of the skull, megalocephaly, fibro- 
matosis osteoplastica ossium and hyper- 
ostose des os de la tete. The condition was 
first described by Malpighi in 1697 but was 
not called leontiasis ossea until 1864 when 
Virchow described it in considerable detail. 
It is said that the name was chosen because 
the bony overgrowth corresponded with the 
overgrowth of connective tissue seen in 
molluscum fibrosum with leonine facies.* 
The hyperostosis may be limited to one 
bone of the skull or involve all of them; in 
the latter event, the bones of the face may 
be much enlarged and distorted, but the 
facies, despite the name, is almost never 
leonine. Skulls of considerable thickness 
(calvarium of 5 cm.), and weight (4,000 
gm.) have been reported. 

The disease begins in childhood or 
adolescence. Females are said to be more 
commonly afflicted than males. 

The cause of the disorder is unknown. 
Infectious, metabolic and endocrine origins 
have been postulated but none proved. 
Because some cases, both grossly and 
microscopically, have resembled cases of 
osteodystrophia fibrosa hyperostotica 
(Paget’s disease), the condition has been 
erroneously regarded as a cranial form of 
osteitis deformans. 

PATHOLOGY 

The process may involve one or all the 
bones of the skull, and sometimes, the long 
bones. Grossly, Knaggs® divided it into two 
types, the creeping periostitic and the 
diffuse osteitic type. The histopathological 
changes are the same in both, but sub- 
periosteal bony deposits are larger in the 

* The opinions and views set forth in this article are those of th 
Department. 


periosteal type. The following pathological 
description is given by Bauerd 

Early in the disease one notes disappearance 
of the usual bony structures. The outer layers 
are less compact, and areas of bone dissolution 
appear filled with vascular and fibrous connec- 
tive tissue which may subsequently become 
fibrosed. New bone may be laid down in irregu- 
lar fashion in such fibrous areas, although 
neither the laminations nor the haversian sys- 
tems of normal bone are formed. Small cysts 
may remain. In the later stages, the bone loses 
its normal contour and is greatly thickened and 
porous. When suppuration is present, it is the 
result of secondary infection. Isolated bone 
sections may resemble either Paget’s disease or 
osteitis fibrosa cystica except that the fibrosis 
is more marked in leontiasis ossea. 

SYMPTOMS 

The symptoms vary widely, for no 
obvious reason. Some cases, with slight 
involvement of the skull, allege that they 
suffer marked headache and various visual 
or auditory disturbances; others, with ex- 
tensive hyperostosis, are virtually asymp- 
tomatic. The overgrowth of tire malar or 
mandibular bones produces facial deform- 
ity which may disturb the patient more or 
less in proportion to his amour propre. 

Headache is sometimes a severe symp- 
tom. Exophthalmos is frequently present. 
Visual and hearing defects, neuralgia, and 
nasal and lacrimal duct obstruction have 
been reported. Insomnia, mental dullness 
and convulsions may develop. The course 
of the disease is quite variable (from 
twenty to forty years). Death has been 
reported from cachexia and from con- 
vulsions.* 

DIAGNOSIS 

The diagnosis is usually made by roent- 
gen examination of the skull, with the 
finding of diffuse hyperostosis of the bones 
of the face (notably the malar, frontal and 

: writer and are not to be considered as reflecting those of the Navy 
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Fin. 1. A, generalized leontiasis ossea, male, aged thirty. 
Full length view of body. The remarkable long bone 
changes, evident in subsequent roentgenograni-s, are not 
apparent externally. B and C, front and profile vlew.s to 
show external appearance of face. Compare the visible 
size of the mandible with that seen in the subsequent roentgenograms. D, close up of eyes. The de- 
gree of exophthalmos was more apparent than the photograph shows. 


sphenoidal bones). There are variable 
degrees of actual bony overgrowth and 
occasionally enormous thickening of these 
bones. The hyperostosis is usually uniform 
and “osteomatousj” and not associated 
with macroscopic areas of porosis or cystic 
change. The mandible and any of the other 
bones of the skull may be involved. Rarely, 
there is diffuse cortical hyperostosis of the 
long bones of the extremities, usually 
bilateral and symmetrical in distribution. 
The differential diagnosis includes 
chronic inflammatory osteitis (pyogenic or 
svphilttic), Paget’s disease and acromegaly. 
We doubt if chronic radium poisoning or 
chronic fluorosis would require differentia- 
tion. In inflammatory osteitis tlie im'oivc- 
ment is usually not bilateral and sym- 
metrical (n.s it tends to be in leontiasis 
ossea) and sequestra may be present. In 
Pacct’s disease, the characterfstic num- 
mular areas of porosis and sclerosis, plus 
t!ie diffuse striated nature of the hy{7cr- 
osto-sis, will usually serve to distinguish 
the entitles. Further, in the latter, the 
pelvis, spine or long hones will frequently 


show characteristic changes that help to 
identify the process. Leontiasis ossea tends 
to appear in t'ounger age groups, Paget’s 
disease in older persons. In acromegaly 
the jaw bone is mainly elongated and 
hypertropliied, not grossly hyperostotic or 
osteomatous; the sella turcica may be 
enlarged; the hands will show character- 
istic growth changes, both soft tissue and 
phalangeal. The entire skeleton may be 
increased in si7.e. 

Inasmuch as leontiasis ossea with in- 
volvement of the long bones is a rare 
clinical entity, it is deemed worth while to 
place the following case on record. 

C.ASE RKf'ORT 

The patient was a white male, aged thirty, 
a machinist’s mate in a Construction Battalion. 
He first .sought medical attention on account 
of intermittent frontal headaclies and pro- 
gressive enlargement of the jaw. 

Pri’snj} Jihifss. At first, he stated that his 
headaches and jaw changes were only of one 
year’s duration (he iind enlisred aixmt four- 
teen months prior to his visit to ‘•ick bay); 
however, on further questioning, he admitted 
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slowly worse during that time. He had con- 
cealed these symptoms at time of enlistment, 
being then anxious to escape from some domes- 
tic difficulties. His bilateral exophthalmos had 
been noted at time of induction, but not his 
prognathism. 

Previous History. Aside from that noted 
under present illness, this was not remarkable. 
He had no childhood diseases or injuries of 


feet, 10 inches; weight 160 pounds. Exophthal- 
mos, bilateral, of a fairly marked degree, but 
without lid lag (Fig. iD). Vision in both eyes 
ao/15. Ocular fundi negative. Visual fields and 
acuity normal. Ears externally negative; audio- 
grams revealed slight impairment of hearing 
in left ear; right ear normal. Marked sym- 
metrical enlargement of the mandible, not quite 
so pronounced at the symphysis as elsewhere. 



Fig. 3, A and B. Optic foramina. The optic foramina are slightly smaller than average (direct measurement 
on 36 inch target film distance roentgenograms being: left, 3.5X5 mm.; right, 3.5X4 mm.). 


note; no history of lues. He was born in Ne- 
braska. He had worked as a farm hand in his 
youth and in construction jobs since that 
time. 

Family History. His father and mother died 
when he was an infant, of causes unknown. 
Both were natives of Nebraska; neither had 
enlargement of the jaws or other bones, as far 
as he was aware. He has one brother, aged 
thirty-nine, with “such extensive enlarge- 
ment of the jaw that he was rejected for mili- 
tary service”; this brother was told “by an 
Omaha clinic that he had an incurable bone 
disease, and is being treated for acromegaly.” 
The patient is married and has two children, 
living and well, without bony deformities. 

PliYsical F.xaviiuatiou. A well developed 
male, with a slightly prominent jaw, in no 
apparent distress ( 1 ‘ig. I, .'A P-, C). Height 5 


No tenderness, nor limitation of motion of the 
jaw. Remaining bones of face, grossly negative. 
Refle.xes negative. Temperature 98.6°F., pulse 
88, respiration 22, blood pressure 120/70. 

luiboratory Esamiiintious. Red blood cells 
4,140,000 per cu. mm. White blood ceils 9,200 
(65 per cent neutrophiles; 36 per cent lympho- 
cytes). Sedimentation rate normal. Hemoglobin 
14 gm. Blood calcium 10 mg. per 100 cc. Blood 
phosphatase studies not available. Kahn re- 
action negative. Urinalysis negative. 

Roeutgeii Examination. Skull: 'I'here is dif- 
fuse and remarkable hyperostosis of the inferior 
half of the frontal bone, involving notably the 
orbital ridges and the floor of the anterior fossa; 
similar changes arc present in the sphenoidal 
bone, the mandible, and portions of the malar 
and temporal bones (Fig. 2, . 7 , /?, C, D). 
I'liere is slight generalized hyperostosis of por- 




Fig. 4- A, left humerus; 5 , radius and ulna; C, wrist and hand. Similar changes were present in the right arm 
and hand. Note the diffuse thickening of the cortex of the humerus. The changes in radius and ulna re- 
semble extreme osteoperiostitis. The hyperostosis of the shaft of the right second metacarpal was more 
marked than that of the left; otherwise the changes in the hands were identical. 


tions of the remainder of the calvarium, es- 
pecially at the vertex and about the external 
occipital protuberance. The diploe is virtually 
obliterated. The optic foramina appear to be a 
trifle narrowed (direct measurements on 36 
inch target film distance roentgenograms being 
left 3.5X5 mm. and right 3.5X4 mm.) (Fig. 
3, A and E). The auditory canals are not visibly 
narrowed, but portions of the temporal bones 
show the above mentioned hyperostosis. 

Spine, Ribs, Sternum and Pelvis: Roentgen 
appearance normal (Fig. 5). 

Chest: Heart vessel shadow negative; trans- 
verse cardiac diameter 12 cm. Healed primary 
complex in middle third of left lung. Lungs 
otherwise clear. 

Kidney, Ureter, Bladder: Normal. No renal 
opacities. 

Upper Extremities : Diffuse thickening of the 
cortex of each humerus, with virtual oblitera- 
tion of the cancellous spaces in the distal half 
of each bone. The cortex reaches 23 mm. in 
thickness in certain areas. Diffuse hyperostosis, 
somewhat resembling the so-called “flowing” 
type, involving the proximal third of each ulna 
and the middle three-fourths of each radius. 
The appearance here is one of extreme osteo- 
periostitis. There is hyperostosis of the shafts 
of the second and third metacarpals of each 


hand (more marked on the right side) without 
evidence of involvement of the other bones of 
the hands at the present time (Fig. 4, A, B, C). 

Lower Extremities: Diffuse thickening of cor- 
tex of the shaft of each femur, and of the shaft 
of each tibia and fibula. In places, notably on 
the tibiae, the appearance is one of “creeping 
periostitis.” The cortex of each tibia shows 
major changes on its mesial, lateral and pos- 
terior aspect (not on its ventral) (Fig. 6, 
A, B, C). There is no patchy porosis or other 



Fig. 5. The pelvic bones are not involved. Neither 
were the ribs, clavicles, sternum, nor vertebrae. 
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Fig, ^6. left femur; tibiji; und C*, fibuiu. Similar changes were present m the right leg. The femoral 

thickening is essentially a diffuse cortical hyperostosis. The tibial changes are most marked on the dorsal, 
niesial and lateral aspects of the bone (in contradistinction to the usual location of the changes in Paget’s 
disease). They are pseudo-inflammatory in appearance. The feet showed no bone changes. 





evidence of Paget’s fibrous dystrophy. Both 
feet are negative. 

Conclusion: Generalized hyperostosis of por- 
tions of the skull and the bones of the extremi- 
ties (generalized leontiasis ossea). The re- 
semblance of the changes in the calvarium to 
those of Paget's disease and the slight re- 
semblance of the changes in the arm bones 
to those of melorheostosis Leri is noteworthy, 
but we believe the basic lesion to be an unusual 
type of leontiasis ossea. 

DISCUSSION 

This case is of considerable interest for 
several reasons: (i) the virtual absence of 
involvement of tlie maxillae, (2) the ex- 
tensive involvement of the bones of all four 
extremities and, especially (3) the fact that 
both of Knaggs’ “types” of leontiasis ossea 
are present in one and the same patient, 
the osteitic (as shown best in the mandib- 
ular and femoral changes) and the perios- 
titic (evident in the radial and tibial 
changes). 

There is a surprising amount of confu- 
sion between Paget’s disease, acromegaly 
and leontiasis ossea in the literature, even 
in authoritative textbooks.'-'-^ ’ In Ewing’s 


“Neoplastic Diseases”' appears the sen- 
tence: “In acromegaly there is diffuse over- 
growth of the bones of the skull and ex- 
tremities, resulting from disturbance of 
hypophyseal function (leontiasis ossea).” 

In Boyd’s “Pathology”- we find the 
statement: “In Paget’s disease the bones 
of the face are occasionally greatly thick- 
ened (leontiasis ossea).” MacCallum’s 
“Textbook of Pathology”'' carries an 
identical sentence. 

In the introduction to “Roentgen In- 
terpretation” by Holmes and Ruggles,”' it 
is stated that in leontiasis o.ssea the 
mandible is not usually involv'cd: “Leon- 
tiasis ossea or creeping periostitis is some- 
what similar to hyperostosis frontalis. It 
may spread slowly over the maxillae, 
frontal and parietal regions. Usually, the 
mandible is not involved. The condition 
may be confused with Paget’s disease.” 

We believe that the case under review 
is one of idiopathic (perhaps congenital) 
overgrowth of the cortical portions of 
many of the bones of the skull and e.v- 
tremities, and fits into the classification of 
generalized leontiasis ossea. Saucerottc' 
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is said to have reported such a case, but 
details thereof are not presently available 
to the writer. The type of hyperostosis, the 
absence of porotic changes and the ana- 
tomic distribution all favor the diagnosis 
given. If only a few of the involved areas 
of the skeleton had been examined, it 
might have been classified as the creeping 
periostitic type of Knaggs, while, if others 
were roentgenographed, it might have 
been classified as the diffuse osteitic type. 

The prognosis of cases such as the one 
reported herewith is obviously poor. Should 
the exophthalmos be progressive, surgical 
decompression of the orbital cavities will 
presumabl)'’ be necessary. Plastic pro- 
cedures on the mandible are conceivable, 
though of dubious utility. Progressive 
hyperostosis of the long bones with ob- 
literation of the marrow spaces will prob- 
ably result in some degree of anemia. Con- 
tinued changes in the temporal bones may 
result in further impairment of hearing. 

SUMMARY 

I. Leontiasis ossea is a rare but definite 
clinical entity, apparently not related to 
Paget’s disease, acromegaly or other con- 
ditions sometimes associated with facial 
bone enlargement. 


2 . Leontiasis ossea is usually confined 
to the bones of the face and skull, but a 
small number of cases also show diffuse and 
remarkable cortical hyperostotic changes 
in the long bones of the extremities (gen- 
eralized leontiasis ossea). 

3. A case of generalized leontiasis ossea 
in a male aged thirty years is reported. 
The cranial bones and mandible showed 
typical diffuse “osteitic” overgrowth; the 
long bones of the extremities showed 
diffuse, symmetrical cortical and periosteal 
overgrowth. 

450 Sutter St. 

San Francisco 8, Calif. 
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THE HISTOLOGIC EFFECTS OF RADIOPHOSPHORUS 
ON NORMAL AND LYMPHOMATOUS MICE*t 

By W. S. GRAFF, K. G. SCOTT and J. H. LAWRENCE 
Fro77i the Dmsio77S of Medical Physicst a77d Medicwe, UTiiversity of California 

BERKELEY, CALIFORNIA 


TN EARLIER papers^^-^^ the distribution 
of radiophosphorus (P^^) in normal and 
lymphomatous§ mice has been described. 
In addition, its effect on the normal blood 
forming tissues has been observed.’ On 
the basis of these investigations has 
been applied therapeutically in the treat- 
ment of chronic leukemia.^-'’'^'*'®'’^-’® To 
gain further knowledge of the radiation ef- 
fects of P^^ we have used a transmissible 
lymphoma in mice. 

PART I 

Histologic mid Hematologic Effects of 
Two series of experiments were performed 
on normal and lymphomatous mice as 
follows: In Series i, two groups of “A” 
strain mice (aged five months, sexes mixed) 
were used. In the first group of 13 mice, 7 
received an intravenous injection of ap- 
proximately 1 . 2 X 10 " lymphoma cells.’® 
The other 6 mice were used as controls. Of 
the 14 mice in the second group, 8 received 
a similar dose of lymphoma cells, and the 6 
remaining mice acted as controls. (The age 
of this second group of mice was three 
months, and the sexes were mixed.) 

Thirteen days after inoculation, 3 leu- 
kemic animals in each group were given i.o 
cc. of an isotonic solution of sodium phos- 
phate intravenously which contained 195.3 
microcuriesjl of P®^ per c.c. Five control ani- 
mals received a similar dose of P^^ at the 
same time. 

In Series ii, 12 mice (three month old 

§ When implanted subcutaneously, a local tumor develops fol- 
lowed by leukemic invasion. After intravenous injection oflym- 
phoma cells, no local tumor develops but a leukemic picture is the 
result.^ 

II Beta-ray standard. 


males) were given 1.2X10’ lymphoma cells 
intravenously, and seven days later half of 
these animals received four i.o cc. subcu- 
taneous injections (54.5 microcuries per 
cc.) at two hour intervals. Four normal ani- 
mals received similar P®^ injections and 2 
additional mice were kept as controls. 

Blood Studies. Cells with ring (doughnut) 
shaped nuclei were classified as “early 
granulocytes”; large lymphocytes with im- 
mature nuclei and abundant cytoplasm 
were classified as “early lymphocytes”; 
“large lymphocytes” includes monocytes; 
lymphoma or leukemic cells were identified 
by their large size, primitive nucleus, scarce 
and strongly basophilic cytoplasm. The 
white cell counts taken on the normal mice 
were subject to wide variation. 

The course of the total white counts 
after P®^ administration is shown in Figure 
1. It will be noted that, in both series, the 
drop in white cell count in leukemic ani- 
mals was greater than that in the normal 
during the first four days after injection 
with P^^. In the following five day interval 
(four to nine days after P®- administration) 
the drop of the white cells for Series i ap- 
proached a plateau while the drop in Series 
II continued, but at a slightly diminished 
rate. Following this period the leukemic 
animals of Series i showed an increasing 
total count while those of Series n con- 
tinued to decrease. 

In Figure 2 is shown the difterential 
effect of P®^ on the white cells of normal 
mice. The small lymphocyte was at first 
the most markedly affected; while the 
mature granulocyte was comparatively 
little affected. Four daj^s after P^" injection 
the drop of the lymphocytes reached a 


* This work was supported by the Columbia Fund for Medical Physics of the Columbia Foundation, 
f This work was completed in 194Q but it was not possible to report it at that time, due to transference of our activities. 
^ Department of Physics. 


44 



VoL. 55, No. I 


Effects of Radiophosphorus 


45 


plateau, while the granulocytes began to 
drop at a greater rate. This drop con- 
tinued at least to the fourteenth day. How- 
ever, after the ninth day the small lympho- 
cytes showed a slight rise. 

Figure 3 shows the effect of on the 
white cells of leukemic mice. They were 
affected in a manner similar to that ob- 



served in the control animals. In addition, 
it can be seen that P^- was effective in 
decreasing the number of leukemic cells 
in the blood for as long as nine days after 
administration of this particular dose of 

p32_ 

Red cell counts and hemoglobin deter- 
minations were not carried out, but with 
these relativel}^ large doses of P^-, one 
would expect after a period of time very 
low red counts and hemoglobin values.® It 
should be pointed out that the lethal dose 
for mice is in the neighborhood of 70 
microcuries. The doses used in these 
hematological and histological experiments 



Fig. 2 
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Fig. 4. Normal mouse bone and marrow. X70. 



Fig. 5. Bone and marrow 214 hours after injection 
of 218 microcuries of r.ndiophosphorus. Note 
aplastic appearance. There is a preponderance of 
mature and nucleated red blood cells. X70. 


have been purposely high in order to bring 
out the differential effects of 
Histologic Studies of^ Tissues. In the bone 
marrow of normal mice treated with P^- 
early granulocytes showed a slight increase 
sixty hours after P^^ administration. A 
decrease followed which persisted for about 
five hundred hours when a slight increase 
was again noted. The megalokaryocytes 



Fig. 6. Leukemic (twenty days) 
bone marrow. X70. 


were relatively unaffected. At sixty hours 
there was no increased vascularization, 
and at five hundred hours vascularization 
was decreased. The marrow presented an 
aplastic appearance, with red blood cells 
and early red blood cells forming the chief 
elements (see Fig. 4 and 5). 

Eight days after injection with lym- 
phoma cells the marrow appeared normal. 
As tissue infiltration with these cells 
progressed, there was a decrease in the 
number of early white blood cell forms and 
the megalokaryocytes disappeared. No 
significant change in vascularity was oh- 
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served. The lymphoma cells formed a solid 
mass at twenty days and occupied the en- 
tire marrow cavity (see Fig. 6). 

When the leukemic mice were given Fr- 
eight days after lymphoma injection, many 
normoblasts were present in the marrow 
six days after that. The megalokaryocytes 
remained normal in number and appear- 



Fig. 7 Leukemic (twenty daj^s) bone marrow 306 
hours after injection of 218 microcunes of radio- 
phosphorus. X70 


ance until they disappeared. The granulo- 
cytes increased up to sixteen days after 
lymphoma injection and then decreased 
until at twenty days they were practically 
absent. No marked number of lymphoma 
cells were noted until twenty days, and 
even at that time the extent of the invasion 
was much less than that in the untreated 
animals (see Fig. 6 and 7). 

In the mice receiving lymphoma, slight 
lymphomatous infiltration occurred m the 
liver after twelve days. At twenty days 
substantial perivascular infiltration with 
these cells was noted. In the terminal stages 
of the disease the blood vessels of the liver 
appeared to be dilated. The blood vessels 





Fig. 8. Normal mouse liver. X830. 


of the livers of the lymphomatous animals 
showed definite dilatation eight days after 
injection. No infiltration by lymphoma 
cells was observed until twenty days after 
lymphoma transmission. At that time and 
thereafter, the degree of infiltration ap- 
peared to be much less than in those 



Fig. 9. Mouse liver 526 hours after injection of 218 
microcunes of radiophosphorus. X830. 


IG lo. Leukemic (twenty days) 
liver. X830. 
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lymphomatous animals which received no 
(see Fig. 8, 9, 10 and ii). 

The chief effect of on the lymph nodes 
of normal mice was a decrease in gross size 
and cellularity; early granulocytes were 
frequent and the relative proportion of 
large lymphocytes increased. With respect 
to mice receiving only lymphoma cell 
injection, the lymph nodes became in- 
filtrated and increased in size eight to 
sixteen days later. At twenty days the in- 
filtration of lymph nodes by lymphoma 
cells was very obvious. When lymphoma- 
tous mice were given P^^ eight days after 
lymphoma injection, no lymphoma cell in- 
filtration was observed until nineteen days 
after the introduction of lymphoma cells 
(see Fig. 12, 13, I4 and 1 5). 

Studies of the spleens of normal mice 
seventy hours after P^^ administration 
showed some lymphocytic degeneration. 
There was an increase of red pulp vith a 
proportional decrease of white pulp. The 
megalokaryocytes appeared normal. Two 



Fig. 14. Leukemic (twenty days) lymph node. 
Note dense leukemic cells. X640. 



Fig. 15. Leukemic (twenty-two days) lymph node 
360 hours after injection of 218 microcuries of 
radiophosphorus. Compare with Figure I4. X640. 


hundred hours after P^® administration the 
gross size of the spleen was greatly reduced. 
The large lymphocytes were predominant. 
The number of mitotic figures had de- 
creased. Granulocytes were scarce and no 
megalokaryocytes could be observed. 

When the mice were injected with 
lymphoma cells a large increase in the size 
of the spleen was observed twenty days 
later; this increase was due to invasion by 
lymphoma cells. Of the remaining normal 
lymphocytes, the large forms were pre- 
dominant. 

When the mice receiving lymphoma cells 
were given p2 eight days later, only slight 
splenic invasion by lymphoma cells was ob- 
served. At twenty days after lymphoma in- 
jection, infiltration with lymphoma cells 
was observed but was not as great as in the 
untreated leukemic animals (see Fia 16 
17, 18 and 19). ’ 

Discussion of Histological and Hemato- 
logical Desults . These results show an initial 
depressing action of P^^ on the lymphocyte 
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series in the peripheral blood stream. After 
four days, when the granulocytes begin to 
drop off markedly, there already is an 
increasing deposition of in bone. The 
retention of P®- by bone is of much longer 
duration than by lymphatic or any other 
tissue. It seems justifiable to correlate this 
fact with the more prolonged drop of the 
granulocytes. We have already noted that 

seemed to have a greater initial de- 
pressing effect on the white cell count of 
the leukemic than on the normal animals, 
but there is no direct evidence that the 
neoplastic cells are more radiosensitive 
than other cells. 

If the histological data on the treated 
and untreated lymphomatous animals are 
compared, we note that at corresponding 
stages in the 15'^mphomatous process the 
treated lymphomatous animals have less 
infiltration of organs by leukemic cells than 
the non-treated groups. 

We may conclude that when relatively 
large doses of are given to normal and 
leukemic animals, the greatest drop in 
white blood cells occurs during the first 
four days after administration. The chief 
cell type to be affected is the lymphocyte 
and the lymphoma or leukemic cell. During 
the following five days the rate of drop is 
diminished, but during this period the 
greatest decrease in granulocytes occurs. 
Thereafter, there is a gradual increase in 
small lymphocytes and leukemic cells al- 
though the granulocytes continue to de- 
crease in number. delays the time of 
appearance of dense infiltration of tissues. 

PART II 

Experimental Therapy of Leukemic or 
Lymphomatous Miee. Studies of the ex- 
change of P^2 leukemic tissues of mice 
revealed a higher uptake than in other 
soft tissues. This greater retention reached 
a maximum about three days after ad- 
ministration of but lymphomatous 
tissue retained more P®^ as long as nineteen 
days after P^- administration when com- 
pared with normal lymph node, although 


this difference tended to decrease with the 
passage of time. 

From a therapeutic point of view this 
greater uptake in neoplastic tissue is of 
interest since these cells receive relatively 
more irradiation. When mice inoculated 
with lymphoma were given single doses of 
P^', greater than 75 microcuries, death 
always resulted. At postmortem it is 
difficult to determine whether the mice 
have died from lymphoma or from radia- 
tion effects. On the other hand, we know 
from previous work, that the lethal dose 
for normal mice of these ages and weights 
is about 75 microcuries. In the following ex- 
periments it was decided to give the active 
phosphorus in several smaller doses since 
by this method it was hoped that activities 
lethal to lymphoma but sublethal- to the 
animal could be maintained for long 
periods of time. 

Experiment i. The mice used were “A” 
strain, eight week old males. They were given 
intraperitoneally a suspension of lymphoma 
cells. All twenty of the mice developed enlarged 
spleens, tumors, or both, eight days later. Ten 
mice were used as controls and all died with 
evidence of generalized lymphomatosis. The 
other 10 mice were given P^- intraperitoneally* 
as follows: eight days after lymphoma transmis- 
sion, a7.8 microcuries; eleven days, 24.2 micro- 
curies; fifteen days, 13 microcuries. Eight of 
these animals died. The cause of death was 
doubtful in some cases (i.e., from lymphoma or 
radiation effects). However, 2 of these animals 
which had shown definite evidence of lym- 
phoma (enlarged palpable spleens) recovered. 
Their spleens were no longer palpable and they 
were alive five months after injection of lym- 
phoma cells and in good condition. 

Experiment 2. Twenty-five “A” strain males 
were given intraperitoneally a lymphoma cell 
suspension. All of these mice developed peri- 
toneal tumors or large spleens or both within 
ten days. Fifteen mice were used as controls and 
10 were treated with In this experiment the 
first dosage of P^- (20 microcuries) was given 
five days after lymphoma injection. At fifteen 
days, 28 microcuries, and at twenty-one days, 
20 microcuries of additional P^- were given. All 

* In this and following experiments was administered 
intraperitoneally as an isotonic salt of sodium phosphate. 
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of the control animals died of generalized leu- 
kemia. Nine of the treated animals died. One of 
the treated animals recovered from the lym- 
phoma after developing mesenteric tumors and 
an enlarged spleen. This animal was alive six 
months later and appeared to be in good health 
with no signs of lymphoma. 

Experiment 3. Twenty-five "A” strain males 
were given intraperitoneally lymphoma cells. 
Twenty were selected as takes, as evidenced by 
enlarged spleens or palpable intraperitoneal 
tumors, and 10 of these were set aside as con- 
trols. The other 5 mice subsequently devel- 
oped lymphomatosis and died but were not 
used in this experiment. All of the control mice 
died with the generalized disease with an aver- 
age survival time of 23.4 days. All of the ani- 
mals treated with radiophosphorus also died. 
(Average life 26.2 days.) The radiophosphorus 
was given as follows: 13.75 microcuries thirteen 
days after injection; 13. i microcuries fourteen 
days and 25.5 microcuries seventeen days; total 
dosage 52.35 microcuries. 

Experiment 4. Twenty-one Swiss “A”* 
crosses were given intraperitoneally a suspen- 
sion of lymphoma cells. All of the animals de- 
veloped leukemia from nine to twenty days 
later. 

A. Nine days after injection, 8 of these mice 
were recognized as lymphoma "takes.” Four 
were used as controls. Four received radio- 
phosphorus as follows: eleven days after tu- 
mor transmission, 22 microcuries; twelve days, 

17.5 microcuries; and seventeen days, 20 mi- 
crocuries; a total of 59.5 microcuries. One 
mouse, which had a markedly enlarged spleen 
prior to P^- administration, was given an ad- 
ditional dose of 20 microcuries at twenty days, 
making the total dosage 79.5 microcuries. This 
large spleen was observed on repeated exami- 
nations but gradually decreased in size until it 
appeared to be normal twenty-six days after 
lymphoma implantation. This animal was still 
alive and apparently normal five months later. 

B. Later, 9 more takes were observed and 
5 of these were used as controls. The remain- 
ing 4 were treated with P®- as follows; four- 
teen days after implantation, 30 microcuries; 
seventeen days, 7.5 microcuries; nineteen days 

7.5 microcuries and twenty-five days 3^ micro- 
curies; total dosage, 77 rnicrocufies. All of the 
controls died of generalized involvement and 

» These were the offspring of matings of “A” strain and Swiss 


some had large subcutaneous tumors. Three of 
the treated animals died showing evidence of 
' leukemia and subcutaneous tumors. The re- 
maining mouse, which had an easily palpable 
tumor mass when treatment was started, slowly 
recovered and five months later was in good 
condition and apparently free from lymphoma- 
tosis. The tumor was gradually resorbed. 

The average survival time of the control mice 
in the entire experiment was 33.7 days, whereas 
survival time for the treated animals dying was 
34.7 days. 

Experiment 5. Twenty "A” strain mice were 
given lymphoma intraperitoneally. Ten con- 
trols died with a survival time of 21.8 days and 
the ten treated animals died with a survival 
time of 26.6 days. The radiophosphorus dosage 
was as follows: 20 microcuries thirteen days 
after, 2.9 microcuries seventeen days after, and 
8 microcuries twenty-five days after implanta- 
tion; total dosage, jo.p microcuries. 

To conclude, in the five therapeutic 
experiments described, regression resulted 
in three of them. The amount of P®“ given 
varied in the diflPerent experiments, and 
regressions resulted when the total dosage 
was 65, 68, 77 and 79.5 microcuries, the 
time periods during which the was ad- 
ministered varying from nine to sixteen 
days. There were regressions in 5 of 31 
treated animals. Although the doses used 
in these experiments were sublethal, and no 
blood studies were carried out, it is certain 
that marked changes in the white and red 
blood cell counts occurred. In these experi- 
ments which were terminated because of 
the transference of the medical research 
activities of this laboratory to other prob- 
lems in 1941, no further follow-up of the 
apparently cured mice was made. It is 
possible that their recovery (aided by the 
inhibitory effect of P^’ on the neoplastic 
growth) from implanted lymphomatosis 
had conferred on them an immunity to 
further transplantation of this tumor into 
them. 

Relation of These Results to the Cliuicfll 
Use of P^-. These investigations in mice and 
others carried out on monkeys^'* demon- 
strate that with relatively large doses of 
the bone marrow can be wiped out. 


rr.i e. 
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With sufficient doses, all elements including 
the platelets, white cells and red cells are 
affected. Thus in the treatment of leukemia 
with unless the leukemic white cells are 
more radiosensitive than the other elements 
in the marrow, it is not possible to prevent 
their rapid production, without at the same 
time inhibiting red blood cell and platelet 
formation.®-^’^ It is true that rapidly grow- 
ing cells such as leukemic cells take up more 
than other cells, but if these cells are ad- 
jacent to other types of cells, the latter will 
also receive irradiation since the beta rays 
from P®^ penetrate several millimeters in 
tissue. In the treatment of leukemia one 
nearly always eventually arrives at the 
point where the leukemic cells become ra- 
dioresistant or at least no more radiosensi- 
tive than the platelet and red cell producing 
centers. Thus even though there is some 
selective irradiation, especially by virtue of 
P®^ localization in infiltrated lymph nodes, 
spleen and liver, one eventually faces the 
same problem as is faced when using spray 
or local roentgen irradiation since the whole 
marrow, and therefore both leukemic and 
normal elements, are being irradiated. 
These predominant effects of P®- on the 
various elements of the marrow constitute 
the limiting factor in its use in the therapy 
of leukemia and make its use of doubtful 
value in lymphosarcoma and allied dis- 
eases. Recent investigations in this labora- 
tory indicate that it may be possible, how- 
ever, to cause a relatively greater deposi- 
tion of P®^ in the tissues other than the bone 
marrow and thus decrease the bone marrow 
irradiation. 

In the general problem of the radiation 
therapy of neoplastic disease (and leukemia 
may well not be a neoplasm), one should 
find a radio element or compound of the 
element which would localize to a high de- 
gree in or immediately around the neo- 
plastic cell. There are examples of such lo- 
calization in normal tissue in the case of 
radioactive iodine in the thyroid gland® and 
chromic phosphate (radioactive phospho- 
rus)® in the liver and spleen. In these two 
instances it has been possible to remove in 


animals the thyroids and spleens by selec- 
tive irradiation without serious damage to 
the rest of the body. These are examples of 
selective irradiation in the true sense of the 
word. Since leukemia is such a diffuse dis- 
ease, the possibilities of finding a method of 
true selective irradiation are not great, and 
for this and other reasons we must look for 
the control of this disease by some method 
other than irradiation. 

summary 

Hematological and histological studies 
on normal and lymphomatous mice which 
have been given radiophosphorus revealed 
characteristic effects on the hematopoietic 
tissues. Although a few animals recovered 
from generalized lymphomatosis after treat- 
ment with P®®, no evidence of any increased 
radiosensitivity of the neoplastic cells was 
observed. The limiting factors in the use of 
roentgen irradiation and P®^ in the therapy 
of leukemia and allied diseases are dis- 
cussed. 
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T he possibility of employing artificial- 
ly produced radioactive substances in 
therapy is attractive, and various trials of 
some of them have been made.’ •- In general, 
it has been considered desirable to use a 
substance which soon after administration 
is selectively concentrated in certain or- 
gans. Thus radio-iodine is largely localized 
in the thyroid gland, radiostrontium in 
bone, radiophosphorus in bone, bone mar- 
row, leukemic tissue and any rapidly grow- 
ing cells. Because of this property of radio- 
phosphorus, it has been administered in the 
treatment of leukemia and allied diseases, 
with some success.^'® 

This work with radioactive phosphorus is 
still in the experimental stage and methods 
of administration are tentative. The results 
compare favorably with those of other 
methods (roentgen rays and arsenic) but no 
great Improvement has as yet been claimed. 
It seems that until more definite conclu- 
sions can be drawn regarding superiority 
of radioactive phosphorus over roentgen 
irradiation, it is also worth while to investi- 
gate the effects of other radioactive sub- 
stances which may have some advantages. 

Radioactive sodium, at the present time 
the most readily prepared of all these iso- 
topes, does not concentrate in any organ or 
group of organs, but instead is, within a 
short time after its administration, distrib- 
uted throughout the extracellular fluids of 
the body. It emits penetrating beta and 
gamma rays, and thus, by virtue of its dis- 
tribution, can administer a rather uniform 
irradiation to the entire body. Its half-life, 
1 4.8 hours, is long enough to be useful and 
yet short enough so that dosage can be 


closely correlated with effect. Reaction to 
the administration of a therapeutic dose 
can be observed within a few days and fur- 
ther treatment can be regulated according- 
ly. Since sodium is a normal constituent of 
body fluids, and the radioactive isotope is 
administered as a small amount of isotonic 
saline, no physiological disturbance should 
occur as a result of its use, except such as 
would be produced by the action of the 
radiation. It might be expected to be valu- 
able as a substitute or supplement for other 
types of irradiation in the treatment of leu- 
kemia and allied diseases. 

Before using the material on human pa- 
tients, it appeared desirable to study its 
effects on animals. Mice are particularly 
suitable because strains are available which 
exhibit a high spontaneous incidence of a 
condition similar to leukemia, presenting an 
abnormally high white blood count and en- 
larged lymph nodes. Accordingly, studies 
were undertaken with normal and leukemic 
mice of one of these strains, and normals of 
a strain which does not develop this condi- 
tion. The results of the administration of 
radioactive sodium were compared to those 
of whole body roentgen irradiation. The 
effects to be reported at the present time 
are changes in blood counts and reduction 
in size of involved lymph nodes. Data are 
also presented regarding distribution of the 
radiosodium in various tissues and organs. 
A study of histologic effects is in progress 
and will be reported at a later date. 

MATERIALS AND METHODS 

The radioactive sodium, Na”^, was prepared 
by the Cyclotron Laboratory of the Physics 


* Mith the aid of a grant from the Lilia Babbit Hyde Foundation. Presented at the Joint Meeting of the American Roentgen Ray 
Society and the Radiological Society of North America, Chicago, III., Sept. 24-ag, 1944. 
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Department of Columbia University; it is a 
pleasure to acknowledge the cooperation of this 
group, A measured number of microcuries 
(fic.) of the material, in approximately isotonic 
sodium chloride, was injected subcutaneously 
in the flanks of the animal. Following such 
injection, the material is very rapidly dis- 
tributed through all the extracellular body 
fluids. The gamma-ray activity of the animal 
was determined with a Geiger counter im- 
mediately after injection, and at intervals 
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entire roentgen-ray dose at one sitting. 

hdice of the Swiss and Ak strains were 
employed. The Swiss strain has been widely 
used for experimental studies; these were 
normal _ animals from Rockland Farms. The 
Ak strain, in the colony of the Crocker Labora- 
tory (originally obtained from Dr. J. Furth, of 
Cornell Medical School), has a considerable 
incidence of spontaneous leukemia. Mrs. Mary 
Long, of that, laboratory, supplied normal 
appearing mice of this strain and individuals 
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EFFECTS OF RADIOACTIVE SODIUM ON SWISS MICE 


Dosage 

(flC.) 

/ic.gram 

(average) 

Number of 
Individuals 

Minimum 
Individual 
White Blood 
Count 

Duration of 
Leukopenia 
Days 

Duration of 
Erythropenia 
Days 

Average 

Survival 

Days 

0 

0 

S 

8,500 

0 

0 

25 + 

150 

5-55 

3 

6,216 

0 

0 

25 + 

300 

10. 0 

5 

3,100 

I 

0 

25 + 

500 

14.7 

I 

3,850 

3 

0 

25 + 

1 ,000 

38. s 

9 

4,150 

6 

0 

25 + 

1,500 

47.0 

2 

1 ,100 

U 

2 

25 + 

2,000 

71-5 

2 

350 

35 

I 

254- 

2,500 

83.5 

3 

200 

14 

0* 

20 

3,000 

100.0 

. I 

150 

II +* 

0* 

12 

4,000 

125 .0 

1 

4^5 

7 +'^ 

0* 

8 


* Does not represent total injury ns animal died before the end of the experiment. 


thereafter. The difference between the meas- 
ured decrease in activity and the theoretical 
decrease due to radioactive decay represented 
the amount of material eliminated. 

The roentgen rays were generated at 184 
kv. (peak), with a filtration of 4 mm. Cu+2 
mm. Al; at a distance of 40 cm., the dosage rate 
was 10 roentgens per minute. During the 
irradiation the animals were confined in a box 
made of plastic material. With radioactive 
sodium of half-life 14.8 hours, two-thirds of 
the dose of radiation is delivered in the first 
twenty-four hours, 0.0. per cent in the second 
twenty-four, and so on. Since the object of the 
experiments was to make a reasonable com- 
parison between the effects of this material 
and of roentgen rays, the dose of the latter 
was divided, 70 per cent being given the first 
day and the remainder _ twenty-four hours 
later. Of course this division is not strictly 
comparable with the continuous irradiation 
from the sodium, but it was felt to offer a better 
approximation to it than administering the 


with varying types of the disease. Blood for 
counts was taken from the tail. Micropipettes 
were used and care was taken to stop the loss 
of blood after samples were removed. 

EXPERIMENTAL RESULTS 

I. Effects 077 Nol'mal Swiss Mice of Diffe 7 '- 
ent Doses of Radioactive Sodiu 772 . Twenty- 
seven animals were injected with amounts 
of radioactive sodium varying from 1 50 to 
4,000 microcuries (5.55 to 125 microcuries 
per gram of body weight). Survival time, 
and white and red blood counts for this 
group are summarized in Table i. Controls 
consisted of 2 non-injected animals, 2 ani- 
mals injected with isotonic non-radioactive 
saline, and one injected with a sample of 
the originally radioactive material, after its 
activity had decayed to a negligible 
amount. In no case did any of these animals 
exhibit any unusual change in its blood 
count. 
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The treated animals were sacrificed 
twenty-five days after the injection of the 
radiosodium, if they survived that long. 
Doses of 3,000 and 4,000 microcuries were 


the duration of leukopenia* was increased, 
to a maximum of about fifteen days, and 
the average survival time was diminished. 
Erythropenia occurred only after relatively 



DAYS after treatment 

Fig. I. A, changes in the erythrocyte and leukocyte counts of mice following treatment with radioactive 
sodium. 5, changes in erythrocyte and leukocyte counts following roentgen irradiation. Daily determi- 
nations were alternated between two animals of each graph. For further details see text and Tables I 
and II. 


fatal in less than two weeks, and of the 3 
animals receiving 2,500 microcuries, i died 
in ten days. A temporary reduction in leu- 
kocyte count was produced by a dose as 
low as 300 microcuries. As indicated in the 
table, with increase in dosage the minimum 
individual white blood count was lowered; 


large doses, and does not appear as soon as 
leukopenia. 

The average daily white and red blood 
counts of these animals are shown in Figure 

* For purposes of this study, a white blood count of 5,000 or 
below IS called leukopenia; a red blood count of 5,000,000 or be- 
low is called erythropenia. 
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\A. Since the individual fluctuations are 
great, a logarithmic scale has been adopted 
to smooth out small variations and empha- 
size significant changes. The increase in de- 
gree and duration of leukopenia with in- 
creased dose is evident, as is also the fact 
that in animals of this strain considerable 
depression in the white blood count may be 


dose administered one day and 30 per cent 
the next; the results are shown in Table 11 
and Figure iB. The curves of Figure iB 
closely resemble those of Figure lA, indi- 
cating that the effects of the two treat- 
ments are of the same kind. From Table 11 
it is also evident that as the dosage is in- 
creased the leukopenia becomes more pro- 


Table II 



EFFECTS 

OF ROENTGEN 

IRRADIATION ON 

SWISS MICE 


Dosage 

(Roentgens) 

Number of 
Individuals 

Minimum 
Individual 
White Blood 
Count 

Duration 

of 

Luekopenia 

Days 

Duration 

of 

Erythropenia 

Days 

Average 

Survival 

Days 

0 

350 

400 

450 

500 

600 

700 

800 

900 

1 ,000 

a 

2 

2 

2 

2 

2 

2 

3 

3 

I 

8 .000 

2.000 

1 ,OQO 

1 ,250 

900 

650 

500 

250 

300 

300 

0 

8 

9 

33 

14 

15 

IS 

15 

15 

Died at 5 days 

0 

0 

1 

2 ' 

0 

0 

4 

4 

4 

25 + 

25 + 

25 + 

254 

25 + 

25 + 

25 + 

II 

16 

5 


produced with no noticeable effect on the 
red blood count during this period. 

1. Effects on Normal Swiss Mice 0/ Differ- 
ent Doses of Roentgen Rays. Nineteen ani- 
mals were exposed to doses of from 350 to 
1,000 r of roentgen rays, 70 per cent of the 



lounced and prolonged, to a maximum du- 
ation of about fifteen days, erythrocytes 
.re reduced in number, and finally survival 
5 affected. 

Not only do radiosodium and roentgen 
ays have similar effects on total white and 
ed blood counts, but they also produce 
imilar changes in the differential counts. 
,ymphocytes are more radiosensitive than 
he other leukocytes; typical effects are 
bown in Figure 2. The percentage o 
/mphocytes was multiplied by the total 
umber of Jeukocvtes for that day to obtain 
he number of cells of that type per cubic 
fillimeter of blood. At this dosage level 
ither sort of irradiation produced a lympH- 
penia of approximately two weeks dura- 
ion. A minimum was reached within three 
ays, followed by recovery. The heavier dos- 
ee (450 r) of roentgen radiation produced a 
5wer minimum and slower recovery th^ 

id the r treatment. The effects of 1 , 5 °° 

c. appear to be more nearly like those of 
he 450 r experiment. 
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Table III 


EFFECTS OF RADIOACTIVE SODIUM ON AK MICE WITHOUT LYMPHADENOPATHY 


Dose 

flC. 

Microcuries 
per gm. 

Initial 

White Blood 
Count 

Minimum 
White Blood 
Count 

Duration of 
Leukopenia 
Days 

Duration of 
Erythropenia 
Days 

Survival 

Time 

Days 

0 

0 

11,250 

7,150 

0 

0 

25 + 

74 

1.1 

9,650 

10,450 

0 

0 

25 + 

230 

10.5 

8 ,400 

4,300 

2 

0 

25 + 

390 

16 

10,000 

4,900 

3 

0 

25 + 

570 

17 

13,800 


5 

0 

■ 25-1- 

1,300 

5^ 

9.450 

1,750 

14 

0 

25 + 

3,000 

94 

25,300 

300 

6* 

0* 

8 


’ Does not indicate maximum effect as animal died before end of experiment. 


3. Effects of Radioactive Sodium on Mice 
of a Leukemic Straw. 

A. Ak animals without lymphadenop- 
athy: Before working with Ak animals 
with adenopathy, it was desirable to study 
the effects produced by radiosodium in ap- 
parently normal mice of this strain. Seven 
Ak animals with normal white counts and 
without enlarged nodes were given the 
same series of doses as the normal Swiss 


mice. The results, given in Table in show 
effects similar to those in Table i. It ap- 
pears that any difference in radiosensitivity 
between these animals and those of the 
same strain with lymph adenopathy may be 
attributed to their disease. 

B. Ak animals with aleukemic adenop- 
athy: From time to time animals with 
palpable nodes were found in the Ak colo- 
ny, Blood counts were made on them, and 
those with white counts higher than 30,000 


Table IV 

EFFECTS OF RADIOACTIVE SODIUM ON AK MICE WITH ALEUKEMIC ADENOPATHY 


Ani- 

mal 

Dose 

HC. 

Micro- 

curies 

per 

gm. 

Initial 

White 

Blood 

Count 

Mini- 

mum 

White 

Blood 

Count 

Duration 

of 

Leuko- 

penia 

Days 

Duration 

of 

Erythro- 

penia 

Days 

Sur- 

vival 

Time 

Days 

Nodes 

0 day 

Nodes 

I week 

Nodes 

2 weeks 

Ak35 

0 

0 

10,200 

4,000 

I 

0 

14 + 

Medium 

Medium 

Medium 

Ak33 

0 

0 

8 ,700 

6,300 

0 

I 

14 + 

Small 

Small 

Small 

Ak3 

150 

6 

12,350 

10,800 

0 

0 

14 + 

Medium 

Small 

Very small 

Aka 

146 

5 

15,500 

9,500 

0 

0 

14 + 

Medium 

Small 

None 

Aki5 

170 

5 

23,150 

1 1 , 600 

0 

0 

14 + 

Medium 

Very small 

Very small 

Ak5 

170 

5 

9,650 

13,400 

0 

0 

14 + 

Medium 

Small 

Small 

Ak6 

164 

5 

1 1 , 900 

8 ,100 

0 

0 

14 + 

Medium 

Small 

None 

Akio 

345 

13 

9,830 

3,000 

a 

0 

14 + 

Very small 

None 

None 

Ak27 

514 

14 

23,250 

3,600 

3 

0 

14 + 

Very small 

None 

None 

Akag 

510 

17 

25,850 

4,500 

I 

3 

14-I- 

Small 

None 

Very small 

Akii 

660 

21 

1 6 , 800 

3,800 

0 

0 

14 + 

Very small 

None 

Very small 

Ak34 

800 

28 

22 , 500 

2,950 

'i 

0 

14 + 

Large 

None 

Very small 

Aki2 

1 ,000 

29 

16,950 

3,000 

I 

0 

14-t- 

Small 

None 

Small 

Ak26 

1 ,014 

30 

25,350 

3,750 

3 

0 

14 + 

Medium 

Very small 

Small 

Ak22 

920 

32 

12,250 

1 ,700 


0 

14 + 

Medium 

Small 

None 

Ak8 

1 ,250 

40 

7,550 

1 ,800 

14 

I 

14 + 

Large 

Small 

Small 

Ak3i 

1 ,450 

68 

11,350 

1 ,650 

3 

0 

14 + 

Large 

Very small 

None 

Aki3 

3,000 

94 

11 ,800 

350 

4(death) 

4(death) 

4 

Large 

Small 

— 



6 o 

were considered leukemic, those with lower 
counts, aleukemic. Eighteen animals of the 
latter type have been given radiosodium,- 
the results are shown in Table iv. The mini- 
mum white blood counts corresponded 
roughly to those of normal animals receiv- 
ing the same doses. The duration of leuko- 
penia was the same or slightly less than in 


January, 1946 

some of the mice received additional treat- 
ment and were no longer suitable for the 
comparison with singly treated normals.) 
Doses of the order of 20 microcuries per 
gram produced marked leukopenia, usually 
of rather short duration. The white count 
recovered rapidly to normal limits, but 
rarely exceeded the maximum normal level 
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Table V 

EFFECTS OF RADIOACTIVE SODIUM ON Ak MICE WITH LEUKEMIC ADENOPATHY 


Ani- 

mal 

Dose 

MC. 

Micro- 

curies 

per 

gm. 

Initial 

White 

Blood 

Count 

Mini- 

mum 

White 

Blood 

Count 

Dura- 

tion 

Aleuk- 

emia 

Days 

Dura- 

tion 

Leuko- 

penia 

Days 

Dura- - 
• • ^ isur- 

tion . , 

ropenia -n* 
Days 

Nodes 
0 day 

Nodes 

I week 

Nodes 

2 weeks 

Aki7 

0 

0 

50,000 

32 ,000 

2 

0 

0 

14 + 

Medium 

Large 

Very 

large 

Ak:23 

0 

0 

28,500 

21 ,700 

I 

0 

I 

14-f 

Large 

Large 

Very 

large 

Ak 39 

500 

14 

77,000 

17,250 

4 

0 

I 

14 + 

Very 

large 

Medium 

Very 

large 

Ak36 

500 

19 

I 41 ,500 

2,000 

8 

I 

10 

14+ 

Large 

Very 

small 

Very 

small 

Ak7 

590 

20 

32 ,000 

1,400 

14 

3 

0 

34 + 

Large 

Small 

Small 

Aksj 

604 

21 

38,750 

4,250 

14 

0 

0 

14 + 

Very 

small 

None 

None 

Ak24 

651 

24 

55 ,000 

5,250 

14 

I 

3 

14 + 

Small 

None 

None 

Akao 

990 

32 

38,300 

600 

14 

11 

0 

14 + 

Large 

Medium 

Very 

small 

Akjo 

1 ,444 

51 

46 , 800 

1,150 

14 

11 

JO 

14 + 

Large 

Very 

small 

Very 

small 

Akig 

1 ,767 

S8 

42 ,100 

100 

10 

8 

I 

1 1 

Large 

None 

Very 

small 

Aki6 

3,000 

100 

53,750 

200 

12 

II 

10 

12 

Large 

None 

None 


the normals. The lymph nodes responded, 
at least temporarily, to doses so small as to 
have no apparent effect on the blood count. 
The effect on the nodes naturally became 
more pronounced as dosage increased. 

C. Ak animals with leukemic adenop- 
athy. Eleven mice had palpable nodes and 
white blood counts above 30,000. Some of 
these had low red blood counts and were 
weak. All animals in this group were very 
sensitive to the radiation, as shown by the 
results in Table v. (Since the initial re- 
sponse to a single dose of radiation was the 
principal point of this study, detailed data 
are given for only fourteen days. After that, 


(30,000) during the fourteen day period. 
Erythropenia occurred more frequently 
and with lower doses than in the case of 
any non-leukemic group. Decrease in size 
of nodes was marked. 

There was less uniformity in response of 
these animals than in the others. Figure 3 
shows l)'’mphocyte and polymorphonu- 
clear* counts for 6 mice receiving approxi- 
mately the same amounts of irradiation 
(see Tables iv and v for details). All had 
palpable nodes. Animals Ak36, 39 and 25 
had unusually high lymphocyte counts. 
The number of polymorphonuclears and 

* Includes all granulocytes. 
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lymphocytes of Akay wei'e within control 
limits. Animals Akap and 24 had high poly- 
morphonuclear counts. In general, they 
show more reduction in lymphocyte num- 
ber than was produced by comparable a- 
mounts of irradiation in control animals. In 


of control animals, the differential suscepti- 
bility was not as evident as that of hyper- 
plastic lymphocytes. The susceptibility of 
the blood cells apparently was related to 
the character of the disease and the physi- 
cal condition of the animal. Akjb was the 



Fig. 3. Effects of radioactive sodium on blood counts of Ak animals with nodes. Solid line indicates number 
of lymphocytes and broken line represents number of polymorphonuclears. For further details see text 
and Tables iii and iv. 


animals having a high lymphocyte count 
_(Ak39, Ak36) lymphopenia developed rap- 
idly but did not persist as long as it did in 
animals Ak25, Akcy, with a more nearly 
normal initial lymphocyte count. Animals 
Akig and Ak24 had a condition similar to 
myeloid leukemia. Although the polymor- 
phonuclears were affected more than those 


only animal in this group whose erythro- 
cytes were reduced in number following 
treatment. This animal was weak at the 
time of treatment and it is difficult to de- 
termine whether the anemia resulted from 
the irradiation or was due to continuation 
of the disease. 

4. Elimmatio 7 t. Elimination was studied 
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by measuring with a Geiger counter the time more than an hour or two after the in 
gamma-ray activity of the animal immedi- jection, the activity of the animal as reeis- 
ately after injection, and at various times tered by the counter was less than the 
within the next seventy-two hours. The theoretical amount; this is due to excre 
activity at any time was expressed as a per- tion of some sodium by the kidneys and 
centage of the initial activity, and the possibly by other routes. Although there 
values plotted as shown in Figure The was considerable variation among individ- 



O (O 20 30 -1»0 SO 60 70 


Fig. 4. A, graph showing radioactivity remaining in animals at different times following administration of 
radiosodium. Method of determining percentage elimination from these curves is explained in text, ^fre- 
quency graph showing individual animals grouped according to percentage elimination. Abscissa indicates 
percentage elimination in increments of 5 per cent. Ordinate shows number of cases in each class. In 
chart for controls, Swiss strain mice are indicated by singly cross-hatched blocks, non-leukemic Ak 
animals by doubly cross-hatched. 

upper line (theoretical) is calculated from ual animals, the points for the activity of 
the known radioactive decay rate of Na^f any one at different times lie essentially on 

from time to time the material used has a straight line, when plotted to a logarith- 

been checked against this curve to be sure mic scale. 

there was no contamination with other In Figure 4^ are shown samples of such 
radioactive substances. If the animals did curves, for i control and i leukemic animal, 
not eliminate any of tlie administered ma- and, for contrast, a nursing rnother mouse 

terial, their activity should also follow this of the Ak strain. It is impracticable to pre- 
curve. However, it was found that at any sent these curves for each animal, since 
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those for controls and leukemics all lie to- 
gether within a fairly narrow region which 
is definitely below the theoretical curve, in- 
dicating that appreciable elimination takes 
place. Due to this elimination, the effective 
dose of radiosodium is less than the ad- 
ministered amount. An approximation to 
the amount excreted can be obtained in the 
following manner: Any radioactive element 
has an “average life” which is 1,43 times its 
half-life. The total activity of l microcu- 
rie of the element throughout its entire 
lifetime, with its regularly diminishing 
strength, is the same as if it continued at 
full strength for its average life and then 
suddenly ceased to exist. The half-life of 
radiosodium is 14.8 hours; its average life 
is I4.8 X 1.43 = 21,2 hours. Hence in its 
total disintegration its energy can be ex- 
pressed by 21.2 microcurie-hours per initial 
microcurie. Since the curves for the experi- 
mental animals are linear when plotted in 
the same manner as the theoretical one 
(Fig. 4/f), they can be handled in the same 
manner as pure radioactivity curves; the 
situation is as //an element were being used 
which had a somewhat shorter life than 
sodium and was not eliminated at all. By 
plotting the curve for each animal to a large 
scale, the effective half-life for radioactivity 
m the body can be determined, and from 
these values the effective average lives can 
he calculated. The elimination is then 
equivalent to the difference between the 
theoretical and the effective average lives. 
For instance, the control mouse shown in 
Figure 4/f had an effective half-life of 10 
hours or an effective average life of 14.3 
hours. Then instead of 21.2 microcurie- 
hours of irradiation per microcurie, this 
animal received 14.3 microcurie-hours. This 
nieans a loss by elimination of the effect of 
21.2 - 14.3 = microcurie-hours per 


Wcrocurie; (6.9/21.2) =33 per cent. 

Since there were relatively few animals in 
the experiment and considerable individual 


variation in the elimination percentage, 
^'erage values are of little significance, 
■therefore a frequency graph was con- 


structed (Fig.qR) in order to compare data 
on this subject. The animals were grouped 
in steps differing from each other by 5 
points (10-14, 15-19, etc.); the value for 
the mean of each group appears on the 
chart. Casual inspection leads to the con- 
clusion that, on the average, the leukemics 
did not eliminate quite as much as the con- 
trols; however, the difference is found to 
be not statistically significant. Nursing 
mothers, on the other hand, do exhibit a 
significantly greater elimination, as might 
be expected, since these animals secrete 
.sodium in the milk as well as in the urine. 
The radioactive sodium could be detected 
in the suckling babes within an hour of the 
time it was administered to the mother. 
This finding (that administered sodium is 
rapidly secreted in the milk) is in agree- 
ment with results obtained with humans.® 
5. Distribution of Radioactive Sodium in 
Various Organs and Tissues. Several ani- 
mals were sacrificed at various times after 
injection, and the gamma-ray radioactivity 
determined for various organs per gram of 
wet weight. Gamma-ray measurements 
were made in order to eliminate differences 
due to absorption of beta rays within the 
tissues when the samples were of different 
sizes. For convenience all data were related 
to the activity of the liver as unity. The 
results are shown in Table vi. At the end of 
two hours, as would be expected, the great- 
est activity was found in organs rich in 
blood or blood vessels. Later, as the mate- 
rial was more uniformly distributed through 
the body fluids and started to enter the 
cells, the differences were less marked.'^ No 
effort was made to squeeze the fluid out of 
the specimens, and the presence of varying 
amounts may have influenced the results 
considerably. It is, however, apparent that 
there was no considerable concentration of 
the material in any particular organ or 
tissue. 

DISCUSSION 

The results thus far presented indicate 
that the effects produced by subcutaneous 
injection of radioactive sodium are of the 
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same sort as those resulting from whole 
body roentgen irradiation. The physiologi- 
cal changes are more marked with higher 
doses, and the response is essentially the 
same in normal mice of the two strains 
which were tested. 

On a basis of the series of normal animals 
treated with radioactive sodium and with 
roentgen rays, it is possible to estimate the 


JaXVAKV, 

Marinelli'’ has published a method for de- 
termining the "equivalent roentgens” due 
to beta radiation delivered and completely 
absorbed within tissues, from radioactive 
substances introduced into the body and re- 
maining there for total disintegration. 
While Na^^ emits both beta and gamma 
rays, the latter are so penetrating that 
they escape from the small body of the 


Table VI 


DISTRIBUTION OF RADIOACTIVE SODIUM IN VARIOUS TISSUES 
RELATIVE ACTIVITY PER GRAM WET WEIGHT 


Animal 

Micro- 

curies 

In- 

jected 

Hours 

after 

Injec- 

tion 

Blood 

Kid- 

ney 

Skin 

Spleen 

Gastro- 
Liver intestinal 
Tract 

Lungs 

Lymph 

Nodes 

Ster- 

num 

Tes- 

ticles 

Muscle 

(WX3; 2) 

200 

1.5 

2.0 

2.1 

I .0 


1 .0 

J.I 





1 .2* 

Swiss 














(Nal, B 3 ) 

19 

a 


2.1 

2.8 

4-5 

1 .0 





'•7 


Ak, no nodes 














(Ak 45 ) 

30 

2 

2-5 

2-3 

4-7 

■9 

1 .0 

J -9 

1.36 

3-72 

2.4 


0.9 

+nodes 














(WX3; s, 6. 7, 8) 

126 

22 

2.6 

1-5 


J -3 

I.O 

1.2 

2.15 


2.0 

1.4 


Swiss 














(Na4!i) 

500 

22 

1.8 

1-7 

I .i6 

1 .04 

1 .0 

I .22 

1. 17 


1 .0 

0.9 

0.6 

Swiss 














(Nai, Bi) 

19 

24 

2.0 

0.8 

1 .1 

2.16 

1.0 





0.5 


Ak, no nodes 














(Aki4) 

3.00 

24 


I .0 

1 .0 

I .0 

I.O 

3.2 


1.2 


l.I 


Ak Anodes 














(Na 43 ) 

500 

48 

1 . 9 

2.1 

>■3 


I.O 

I .4 

1-5 




0.5 

Swiss 














(Akg) 

337 

48 



1.8 

1 .6 

I.O 



2.3 




Ak Anodes 














(Ak37) 

500 

45 

2-7 

2.0 

2.2 

0.8 

1 .0 

1 .4 

I .1 

0.8 

1.87 


0,6 

Ak Anodes 















* Thigh, +teinur, etc. 

number of microcuries of the sodium which 
produce the same general effect as loo r of 
roentgen rays. 

By inspection of the curves of Figures i 
and 2, it appears that 47 microcuries of 
radioactive sodium per gram of body 
weight produced about the same effect as 
450 r of roentgen rays administered under 
the conditions of the experiment. This 
gives an equivalence of 10 microcuries per 
gram (neglecting elimination) and 100 r, 
which appears to hold within the dosage 
ranges studied, not only for effect on total 
white blood count but also on differential 
counts. 


mouse without giving up an appreciable 
portion of their energy, so their contribu- 
tion to the physiological dose may be con- 
sidered negligible. Some of the beta rays al- 
so escape from the body. An estimate of the 
amount thus lost can be made as follows: 
These beta rays are largely absorbed by 
3 mm. of water (or tissue). Hence it may be 
assumed that all such rays originating more 
than 3 mm. deep within the animal will be 
completely absorbed; of those originating 
between 1.5 and 3 mm., about three-fourths 
will be absorbed, and of those originating 
Avithin the first 1.5 mm., about one-half. If 
a 30 gm. mouse be regarded as an ellipsoid 
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of appropriate dimensions, a calculation 
on this basis leads to the conclusion that 
only about 75 per cent of the administered 
beta radiation is effective. 

Using Marinelli’s formula, it is found 
that with total absorption of beta rays and 
no absorption of gamma rays, a dose of i 
microcurie per gram of body weight of an 
animal should give 32 “equivalent roent- 
gens.” The biological effect would, how- 
ever, be reduced to 75 per cent of this by 
the escape of some beta rays from the body 
and further to about 65 per cent of those 
that would be absorbed, by physiological 
elimination. Thus the 32 “equivalent roent- 
gens” would be reduced to 32 Xo.75 X0.65 
or 15.6. Then 10 microcuries per gram 
should deliver 156 “roentgens.” 

This is somewhat higher than the equiva- 
lence of 10 microcuries per gram to 100 
roentgens deduced from the experimental 
data. However, the rates of administration 
of radiation are quite different, and the 
equivalence is admittedly rough. In view of 
all the approximations involved in both 
estimates, the discrepancy is not unreason- 
able. It indicates that the correspondence 
set up is not far wrong, but that there is 
need for both better experimental compari- 
son and a more accurate method of deciding 
the portion of the theoretical dose actually 
effective within the animal. 

The leukemic mice were more radio- 
sensitive to the radioactive sodium than 
were the normals; they were not tested with 
roentgen rays. Their leukocyte count was 
reduced more rapidly than in the normals, 
ut also recovery began to take place earli- 
er. The question arises as to whether this is 
a true difference in response, or whether 
*■. mice retain more of the material, 
either beca.use of less elimination, or con- 
centration in lymph nodes, or both. In Fig- 
jire 4 it is indicated that elimination in 
eukemics is not significantly less than in 
^°^^^ols. From Table vi it is evident 
1 is no marked concentration in 

>tnph nodes. It is probable that, on the 
average, these animals, not being in as good 


general condition as the normals, are more 
readily affected by any injurious agent, but 
this is hardly sufficient to explain the differ- 
ence in time of showing damage and time of 
recovery in the two groups. The leukemic 
cells apparently have a different radiosensi- 
tivity from the normal white cells, because 
of their rapid production and their relative- 
ly undifferentiated condition. 

Some of these leukemic animals with 
greatly enlarged nodes appeared to have a 
disease comparable to acute leukemia in the 
human. They were usually weak at the be- 
ginning of treatment and although their 
condition showed temporarv improvement, 
relapse occurred fairly soon and death en- 
sued. Necropsy usually revealed multiple 
nodes and leukemic infiltration of other 
organs. In a few cases, such as Akgb, the 
animal was grossly free of leukemic disease 
but was anemic. 

Some (more chronic) cases have been 
treated repeatedly with small doses of radio- 
sodium at weekly or monthly intervals, 
and a considerable percentage of these have 
been kept alive and in fairly good condition 
for six months or more. There is, however, 
not yet sufficient data for a report on these 
cases. 

The results obtained in this wmrk do not 
lead directly to the formulation of a method 
for treating human leukemia with radio- 
active sodium. They do indicate that by its 
use a generalized radiation can be adminis- 
tered conveniently, in effective amounts. 

It must be emphasized that the equivalence 
of 10 microcuries admmistered per gram of 
body weight to 100 roentgens is applicable 
only to mice^ not to larger animals or to 
humans. In man^ this amount would give a 
much higher dose of radiation, for two rea- 
sons. In the first place, whereas in the 
mouse practically no gamma radiation is 
effective, and only about three-fourths of 
the beta radiation, in the human practically 
all of the beta rays and a considerable 
portion of the gamma rays are absorbed. 
Furthermore, the mouse eliminates about a 
third of the material in three days, while in 
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this period the average human excretes less 
than ro per cent.^ It is safe to estimate that 
the “equivalent roentgens” from a given 
dose per gram of body weight in the human 
would be at least twice as much as in a 
mouse. 

SUMMARY 

The effects of radioactive sodium and of 
whole body roentgen irradiation on white 
mice have been compared. Results in re- 
duction of white and red blood counts and 
in shortening of life are similar for the two 
types of radiation. It has been found that 
10 microcuries of radioactive sodium per 
gram of body weight injected subcutane- 
ously in the normal mouse are equivalent in 
effect to 100 roentgens of heavily filtered 
200 kv. roentgen rays. This ratio would not 
hold for the human; the same number of 
m.icrocuries would be equivalent to a consider- 
ably higher tiumber of roentgens. 

Mice with enlarged nodes and extremely 
high leukocyte counts were found especially 
sensitive to the radiosodium. They were 
not tested with roentgen rays. The marked 
response was apparently due to radiosensi- 
tivity of the abnormal leukocytes rather 
than to any selective concentration of the 
material in lymph nodes.* 

630 West 1 68th St., 

New York 32, N. Y. 

* Since the completion of this paper, a 1944 volume of Acta 
Radiologica has become available; it has been found to contain an 
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article on a similar subject. (Treatment of Leukemia with Ar- 
tificial Radio-Active Sodium, by Jorgen E. Thygesen, Aage Vide- 
boek, and Irgens Villaume. Acta Radiol. 305-316, 1944-) I” 
their preliminary experiments with mice, the results were incon- 
clusive. They report animals not able to tolerate more than 1 
millicurie in a single dose, which is contrary to our findings. How- 
ever their experimental procedure differed from ours in several 
respects, — strain of mouse, type of tumor, method of administra- 
tion of radio-sodium, and method of standardization of radio- 
sodium dosage. 
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By RUSSELL H. MORGAN, M.D.f 

WASHINGTON, D.C. 


T he clarity with which a roentgen im- 
age is reproduced is governed by four 
principal factors: {a) the maximum re- 
solving power of the film or screen on which 
the image is recorded, {b) a relatively mi- 
nor parameter called the resolution coeffi- 
cient, {c) the contrast exhibited between 
the image and its surrounding field and {d) 
the unsharpness of the image boundary. In 
previous articles of this series,** the rela- 
tionship which these factors bear to one 
another has been established and a de- 
tailed discussion of maximum resolving 
power and the resolution coefficient pre- 
sented, In this and in Part iv attention will 
be centered on roentgen contrast. 

When the term contrast is used to de- 
scribe the appearance of a roentgeno- 
graphic or roentgenoscopic image, reference 
is made to the brightness of the image rela- 
tive to the brightness of the surrounding 
field. When the ratio of the two brightness 
levels is small, contrast is low; when the 
ratio is large, contrast is high. Visually the re- 
lationship between contrast and the bright- 
ness ratio of an image is logarithmic. 
Therefore, it is customary to express con- 
trast quantitatively as 

C=log /.//6 = log — log A (i) 

where J, and J5 are the brightness levels or 
light intensities emitted by the image and 
by its surrounding field respectively. 

1. FACTORS CONTROLLING ROENTGEN 
CONTRAST 

When a roentgen-ray beam is projected 


through a structure a considerable portion 
of the radiation is either absorbed or scat- 
tered by the various included materials. 
The relatively small remainder progresses 
through the structure to emerge unaltered 
from the other side. The fraction of the ra- 
diation which falls in the latter category 
depends among other things on the atomic 
composition and densities of the materials 
transmitting the radiation. Thus, if the 
structure is composed of bone, muscle and 
fat tissue, the roentgen-ray intensity of the 
emergent beam varies from point to point 
in a plane perpendicular to the direction of 
the radiation in accordance with the char- 
acteristics of the tissues through which the 
beam passes; that is, the emergent beam 
presents a series of roentgen-ray images of 
the various components of the structure. 
Since the eye does not respond to roentgen 
radiation, these images may only be per- 
ceived when recorded by a roentgeno- 
graphic film or roentgenoscopic screen. 

The brightness levels exhibited by an il- 
luminated film or an irradiated screen are 
governed by the intensities of the acti- 
vating roentgen radiation. Contrast, there- 
fore, is primarily determined by the 
intensity distribution function of the radi- 
ation which the film or screen receives and 
accordingly is a function of the properties 
of the structure under examination and the 
characteristics of the roentgen beam. 

The relationship between the roentgen- 
ray intensity transmitted by a homogene- 
ous structure and the structure’s thickness 
and density is illustrated graphically in Fig- 
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ure I and may be expressed by the equation 

Jog G=]og Go— J' bpdx (2) 

where G is the intensity of the roentgen ra- 
diation transmitted by the material, Go is 
the radiation intensity if no structure were 
interposed in the roentgen beam, p and x 
are the density and thickness of the ma- 
terial respectively and b is the negative 
slope of the log G vs. px curve. 



Density X Thickness 

Fig. I. Relationship between the logarithm of the 
roentgen-ray intensity transmitted by a structure 
and the product of the structure’s density and 
thickness. 

As pointed out in Part i of this series, the 
factor, b, is the material’s mass absorption 
coefficient expressed in decadic logarithms. 
Its value is a function of the atomic num- 
bers of the several components comprising 
the material and of the spectral distribution 
of the roentgen radiation. It thereby is a 
function of the voltage applied to the roent- 
gen tube and of any filtration placed in the 
roentgen beam. 

Equation (2) is valid only for a homo- 
geneous structure and then only when 
scattered radiation is excluded from con- 
sideration. When the structure is hetero- 
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geneous and scattered radiation is present, 
the expression requires further develop- 
ment. 

The intensity of the primary radiation 
transmitted by a heterogeneous structure 
rnay be related to the absorption coeffi- 
cients, densities and thicknesses of the sev- 
eral constituents of the structure merely by 
expanding equation (2) ; that is, 

log Gp=log Go— I bipidx— I bipidx ■ • • 

•/ /> J ^ 

n Xn 

I bnPndx (j) 

^ 0 

where Gp is the intensity of the primary 
transmitted radiation and the subscripts, i, 
2 • • - 77 , refer to the absorption coefficients, 
densities and thicknesses of the n materials 
included in the structure. 



H 1 - 

f * 


Fig. 2. Schematic diagram illustrating relationships 
expressed in equations (ja) and (jb). 


Now, if a roentgen beam is projected 
through a heterogeneous structure which in- 
cludes an image-producing object of thick- 
ness, Xi, and density, p,-, and having a mass 
absorption coefficient, K-, the roentgen-ray 
intensity of the primary emergent beam 
directly below the object (see Fig. 2) is 
given by the equation. 


^ XI ^ X2 

log G,>=log Go— I bipidx— I biPidx ■ ■ ■ 

\J O Jo 

— I hiPidx • • • 

O 

— f bopodx. {3a) 

^ 0 
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Also if this object is surrounded by a ma- 
terial having a density, Pb, and a mass ab- 
sorption coefficient, bh, the roentgen-ray 
intensity of the primary emergent beam 
just outside the object’s image is 

/ » XI ^ X2 

b\Pidx— I hpidx • ■ • 

J * x» 

hpbdx • • • 

0 

/ • x„ 

bnpJx. (3b) 

o 

When equation (3b) is subtracted from 
equation (3 a) 

p X, p Xi 

hg G,p— log Gbp= I bbpbdx— I b.p.dx. (4) 

Under most roentgen conditions the thick- 
ness of an image-producing object is suffi- 
ciently small so that the values of the mass 
absorption coefficients remain essentially 
constant over the integral. Under these cir- 
cumstances then, equation (4) reduces to 

log G.p - log Gbp= (bbPb-b,p,)x,- (5) 

Equation (5) indicates the intensity dis- 
tribution of the p?-wiary radiation within a 
roentgen image and its surrounding field. 
When scattered radiation is present the in- 
tensity distribution function is more com- 
plex and is dependent on the size and 
position of the image-producing object. 

Although an object may have a variety 
of sizes and positions, only two combina- 
tions will be discussed at this time: (a) the 
object is small and occupies a position some 
distance from the roentgenographic film or 
roentgenoscopic screen; and (b) the object 
IS small or large and occupies a position ad- 
jacent to the film or screen. As will be 
shown presently, a knowledge of these con- 
ditions will permit an estimation of the 
intensity distribution functions which oc- 
cur under most circumstances. 

(rt) hitensity ’Distribution Function oj lin- 
age Produced by Small Object Located a Dis- 
tance Jrojn Fibn or Screen. When the image- 
producing object is small and occupies a 


position more than a few centimeters from 
the film or screen, the intensities of the 
scattered radiation within the image and 
within the surrounding field are essentially 
equal (see Fig. 3) because radiation origi- 
nating in adjoining portions of the struc- 
ture may freely undercut the object and 
distribute itself uniformly over the film or 
screen surface. Furthermore, the scattered 
radiation arising in the object is dispersed 
widely inside and outside the image. 



Fig. 3. Schematic diagram illustrating the dispersal 
of scattered radiation equally inside and outside 
the boundaries of a roentgen image when the 
image-producing object occupies a position some 
distance from the recording film or screen. 

If the intensities of the scattered radi- 
ation within an image and its surrounding 
field are equal, the intensities of the total 
radiation at the respective sites when ex- 
pressed in logarithmic form will be 

log G,4 = log (G,p+Gs) (6a) 

and 

log G*/==log (Gip-j-Gs) (6b) 

where G.j and Gbt are the intensities of the 
total radiation received within the image 
and its surrounding field respectively, and 
Gx is the intensity of the scattered radi- 
ation. Therefore, when equation (6b) is 
subtracted from equation (6a), 

log G,j-log Gbt 



where 


AG=(G,p-G.p). 
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ure 1 and may be expressed by the equation 

log G = log Go— J' bpdx (2) 

where G is the intensity of the roentgen ra- 
diation transmitted by the material. Go is 
the radiation intensity if no structure were 
interposed in the roentgen beam, p and x 
are the density and thickness of the ma- 
terial respectively and b is the negative 
slope of the log G vs. px curve. 



Density X Thickness 

Fig. I. Relationship between the logarithm of the 
roentgen-ray intensity transmitted by a structure 
and the product of the structure’s density and 
thickness. 

As pointed out in Part i of this series, the 
factor, b, is the material’s mass absorption 
coefficient expressed in decadic logarithms. 
Its value is a function of the atomic num- 
bers of the several components comprising 
the material and of the spectral distribution 
of the roentgen radiation. It thereby is a 
function of the voltage applied to the roent- 
gen tube and of any filtration placed in the 
roentgen beam. 

Equation (2) is valid only for a homo- 
geneous structure and then only Avhen 
scattered radiation is excluded from con- 
sideration. When the structure is hetero- 


geneous and scattered radiation is present, 
the expression requires further develop- 
ment. 

The^ intensity of the primary radiation 
transmitted by a heterogeneous structure 
may be related to the absorption coeffi- 
cients, densities and thicknesses of the sev- 
eral constituents of the structure merely by 
expanding equation (2); that is, 

/ •XI /» X 2 

hipidx— I b2P2dx ■ ■ ■ 

/ » Xn 

bnPndx ( 3 ) 

0 

where Gp is the intensity of the primary 
transmitted radiation and the subscripts, i, 
1 • • - n, refer to the absorption coefficients, 
densities and thicknesses of the n materials 
included in the structure. 



Fig. 2. Schematic diagram illustrating relationships 
expressed in equations (3a) and (3b). 


Now, if a roentgen beam is projected 
through a heterogeneous structure which in- 
cludes an image-producing object of thick- 
ness, Xi, and density, p,-, and having a mass 
absorption coefficient, bi, the roentgen-ray 
intensity of the primary emergent beam 
directly below the object (see Fig. 2) is 
given by the equation. 


/ •XI ^ X 2 

bipidx— I bip-dx ■ • • 
- f b,p,dx ■ ■ ■ 

^ O 

— J" bnPndX. (3^) 
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Also if this object is surrounded by a ma- 
terial having a density, pt, and a mass ab- 
sorption coefficient, h, the roentgen-ray 
intensity of the primary emergent beam 
just outside the object’s image is 


XI p X2 

bipidx— I bipidx 

0 ^ O 



( 3 b) 


When equation (3b) is subtracted from 
equation (3 a) 


/ i Zi ^ Xi 

btpbdx— I biPidx. (4) 

Under most roentgen conditions the thick- 
ness of an image-producing object is suffi- 
ciently small so that the values of the mass 
absorption coefficients remain essentially 
constant over the integral. Under these cir- 
cumstances then, equation (4) reduces to 

log Gip -log Gi,p= {bbPh—bip^Xi. (5) 


Equation (5) indicates the intensity dis- 
tribution of the primary radiation within a 
roentgen image and its surrounding field. 
When scattered radiation is present the in- 
tensity distribution function is more com- 
plex and is dependent on the size and 
position of the image-producing object. 

Although an object may have a variety 
of sizes and positions, only two combina- 
tions will be discussed at this time: (<2) the 
object is small and occupies a position some 
distance from the roentgenographic film or 
roentgenoscopic screen; and {h) the object 
IS small or large and occupies a position ad- 
jacent to the film or screen. As will be 
shown presently, a knowledge of these con- 
ditions will permit an estimation of the 
intensity distribution functions which oc- 
cur under most circumstances. 

(«) Intensity Tdistribution Function of Fri- 
nge Produced by Small Object Located a Dis- 
tance from Film or Screen. When the image- 
producing object is small and occupies a 


position more than a few centimeters from 
the film or screen, the intensities of the 
scattered radiation within the image and 
within the surrounding field are essentially 
equal (see Fig. 3) because radiation origi- 
nating in adjoining portions of the struc- 
ture may freely undercut the object and 
distribute itself uniformly over the film or 
screen surface. Furthermore, the scattered 
radiation arising in the object is dispersed 
widely inside and outside the image. 



Fig. 3. Schematic diagram illustrating the dispersal 
of scattered radiation equally inside and outside 
the boundaries of a roentgen image when the 
image-producing object occupies a position some 
distance from the recording film or screen. 


If the intensities of the scattered radi- 
ation within an image and its surrounding 
field are equal, the intensities of the total 
radiation at the respective sites when ex- 
pressed in logarithmic form will be 


log G,( — log (G,p-t-Gs) (6a) 

and 

log G6j=log (Gjp-f-Gs) (6b) 

where Gn and Gn are the intensities of the 
total radiation received within the image 
and its surrounding field respectively, and 
Gs is the intensity of the scattered radi- 
ation. Therefore, when equation (6b) is 
subtracted from equation (6a), 

log Gil— log Gbt 



where 

tiG=(Gbp—Gip). 
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Equation (7) may be written in the form of 
the power series; 


log Git— log Gbi= — 


2-3 


■AG 

L . G ip 




( 8 ) 


Under almost all roentgen conditions, the 
terms of this series decrease rapidly with 
increasing values of the exponents. There- 
fore, equation (8) may be written 


log G.(-log Gbt = 



(8a) 


Also when the roentgen image is produced 
by a small object, AG is usually considera- 
bly less than Gip; therefore 


AG 

'^• 2 )Gip 


-log 



= log G,p— log Gbp 


( 8 b) 



where P is the grid efficiency factor, a 
parameter which henceforth will be refer- 
red to as the Potter coefficient, 

Gso and Gp„ are the intensities of the scat- 
tered and primary radiation respectively 
when a grid is not used and 

Gtg and Gpg are the intensities of the 
scattered and primary radiation respec- 
tively transmitted by the grid. 

When equation (10) is rearranged and the 
factor (i —P) added to each side 

GJGpg+i-P=(i -P)GffiGpa+i-P. (loa) 

Also when equation (loa) is rearranged and 
inverted 

Gpg _ Gpo/iGpo+Gso) 

Gpg 4 - Gsg I + P \Gpo/ (Gpo-f- Gso) ” I ] 


and 

log Git— log Gbi 

= (log Gip- log Gfcp)^--^— ^ . (8c) 

When equations (5) and (8c) are combined 

log Git-log Gbi= {bbPb—biPi)(— — (9) 

Thus, the presence of scattered radiation 
reduces the roentgen-ray intensity distribu- 
tion function of an image by an amount 
equal to the ratio of the primary radiation 
intensity to the total radiation intensity. 

Equation (9) is valid both when a grid is 
and is not used. However, it is not in a very 
convenient form since entirely separate 
data are required for its solution under the 
two conditions. This difficulty may be ef- 
fectively overcome by expanding the func- 
tion to include the grid efficiency factor. 

The efficiency of a grid is determined by 
its effectiveness in reducing scattered radi- 
ation and may be expressed quantitatively 
by the equation 


But the left hand term of equation (lob) 
represents the intensity ratio of primary to 
total radiation occurring when a grid is em- 
ployed. Therefore, when equation (lob) is 
substituted in equation (9), the intensity 
distribution function becomes 


log 


G,(— log Gbi = 


{bbPb—bip,)mXi 

i+P{m — i) 


(ir) 


where 


771 Gpo/(^Gpo I Ggo) . 


It will be observed that equation (ii) ap- 
plies equally well to conditions where a grid 
is not employed if a value of zero is given 
the Potter coefficient, P, and therefore may 
be solved with but one set of scattering 
data regardless of the presence or absence 
of a grid. 

{b) Inte}jsity Dist 7 ‘i button Function of Im- 
age Produced by StnaF or Large Object Lo- 
cated m Apposition to the Fibti or Screen. 
When the image-producing object is in 
close apposition to the film or screen, there 
is no opportunity for it to be undercut by 
scattered radiation arising in other portions 
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of the structure; neither is scattered radi- 
ation originating within the object permit- 
ted to disperse widely beyond the image 
boundaries. Accordingly the derivation of 
the intensity distribution function under 
this condition follows identically that from 
which equation (5) was developed with the 
exception that values of the mass absorp- 
tion coefficients must be determined from 
absorption curves made under conditions 
where scattered radiation is present. The 
function is simply 

log Gu— log Gii = {bb Pb—bx' pi)xi (12) 

where the superscripts indicate the special 
conditions under which the mass absorp- 
tion coefficients are measured. 

As in the case of equation (9), equation 
(12) is valid both when a grid is and is not 
used, but is rather inconvenient because 
entirely separate data are required for its 
solution under the two conditions. Equa- 
tion (12), however, is not amenable to 
simplification by introducing the Potter co- 
efficient if rigorous mathematical analysis 
is followed. Fortunately, values of b and b' 
do not differ widely from one another and 
a close approximation of the value of a ma- 
terial’s mass absorption coefficient, when a 
grid is present, may be obtained from the 
equation 

ba' = {b-bo')P+bo' (12a) 

where bg and bj are the mass absorption 
coefficients under conditions when a grid is 
and is not used respectively. 

When equation (12a) is substituted in 
equation (12), the intensity distribution 
function becomes 

log G,(— log Gbi= { \bbo' -f-{bb—bbo'')P^Pb 

-[bxo-\-{b,-bJ)P]p,]xx. (13) 

Equation (13) is also valid for conditions 
when a grid is not used when a value of zero 
is given the Potter coefficient, P. 

Equations (11) and (13) indicate the in- 
tensity distribution functions of the radi- 
ation with n a roentgen image and its 
surrounding field for two widely different 
conditions. Since the objects which produce 
most roentgen images (e.g. a minimal tu- 


berculous process) are relatively small com- 
pared to the size of the structure in which 
they are located and lie some distance from 
the roentgenographic film or screen, the in- 
tensity distribution function usually ap- 
proximates that given bjr equation (li). 
There are, however, a few instances where 
equation (13) is applicable. 

When roentgen radiation impinges on a 
roentgenoscopic screen the intensity or 
brightness of the fluorescence is di ectly 
proportional to the intensity of the acti- 
vating radiation; that is, 

I=kG (14) 

where / is the light emission of the screen, 
G is the intensity of the roentgen 
radiation and 
is a constant. 

Therefore, if G„ and Gbt are the roentgen- 
ray intensities within an image and its sur- 
rounding field respectively, 

log /,-log /6=]og G,(-log G6(. (15) 

But according to equation (i) the left-hand 
portion of equation (15) is the contrast ex- 
hibited by the image; furthermore, the 
right-hand portion is the intensity distri- 
bution function of the roentgen radiation 
as given by equations (ll) and (13). There- 
fore, the contrast of a roentgenoscopic im- 
age is simply equal to the intensity distri- 
bution function within the roentgen-ray 
image and its surrounding field. 

If the roentgen radiation is permitted to 
fall on a roentgenographic film or film- 
screen combination instead of a roentgeno- 
scopic screen the density of the processed 
film will be a function of the quantity of 
radiation (usually referred to as the expo- 
sure) received by the film. This relation- 
ship, shown graphically in Figure 6, Part i, 
may be expressed by the equation 

D= J g^logP+K (16) 

where g is the slope of the density vs. log 
exposure curve, 

£ is the quantity of radiation received 
by the film and 
A' is a constant. 
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The value of the factor, g, is governed by 
inherent characteristics of the film and the 
conditions under which the film is de- 
veloped. Over the small ranges of density 
which are usually encountered between a 
roentgenographic image and its surround- 
ding field, it remains essentially constant 
and for these conditions equation (16) may 
be written 

D=g(log E~i) (i6a) 

where i is a constant. 

Now the quantity of radiation received by 
a film is equal to the product of the effective 
radiation intensit}^ G, and the exposure 
time, t; that is, 

E = G/. (17) 

Therefore, equation (i6a) may be written 

D=g{\og G-}-log /-/■). (18) 

Furthermore, if Ga and Ga are the intensi- 
ties within a roentgen-ray image and its 
surrounding field respectively, the relation- 
ship between the resulting roentgeno- 
graphic densities will be 

D/-D6=^(log Gi,- log Gti) (19) 

since all portions of the film receive the 
same exposure time. But by definition the 
density of a film is a direct function of the 
logarithm of the light intensity transmitted 
by the film. Accordingly, the left side of 
equation (19) represents the contrast ex- 
hibited by the image; that is, 

G/=^(log G,(-log Gbi). (20) 

It is evident from equation (20) that the 
contrast of a roentgenographic image is 
simply equa to the product of g, a factor 
which may be conveniently called the film 
contrast factor, and the intensity distribu- 
tion function of the roentgen radiation as 
given by equations (ii) and (13). Indeed 
equation (20) is valid for both roentgeno- 
graphic and roentgenoscopic images if a 
•\’-alue of unity is given the factor, g, in the 
latter instance. 

An examination of equations (ii) and 
(13) reveals that the contrast of a roentgen 


image is governed by a complex series of 
factors, including the thickness and density 
of the image-producing object. Also, since 
the mass absorption coefficient of a ma- 
terial is a function of the spectral distribu- 
tion (quality) of the exposing radiation and 
of the atomic composition of the material, 
it is affected by the voltage applied to the 
roentgen tube, by filtration placed in the 
roentgen beam and by the absorption char- 
acteristics of the image-producing object. 
Finally, since the intensity ratio of primary 
to total radiation within an image is also a 
function of the size of the portal irradiated, 
and the efficiency of a grid if used, these 
factors also exert control over contrast. 

II. MEASUREMENT OF FACTORS CON- 
TROLLING ROENTGEN CONTRAST 

The quantitative manner in which these 
factors control the contrast of a roentgen 
image may be evaluated from a study of 
data which are obtained when pertinent 
values are substituted in the terms of equa- 
tions (ii) and (13). Such values, however, 
are not generally available because until 
recently the measurement of the mass ab- 
sorption coefficients of bone, muscle, fat 
and other tissues and of the intensity ratios 
of primary to total radiation occurring un- 
dervarious roentgen conditions has been an 
extremely tedious task. 

Since the roentgen-ray absorption of a 
material is a function of the quality of the 
exposing radiation and since the quality of 
radiation encountered under roentgeno- 
graphic and roentgenoscopic conditions ex- 
tends through a wide range, it is essential 
that the instruments with which the ab- 
sorption data of a material are obtained 
have essentially identical roentgen-ray 
spectral responses to those of roentgeno- 
scopic screens and roentgenographic films 
exposed either with or without intensifying 
screens. Otherwise the results will not re- 
flect the behavior of these screens and films 
when recording a roentgen image. In the 
past, two methods have been used to meas- 
ure the roentgen-ray absorption of a ma- 
terial: one is the ionometric method, widely 
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used in roentgen therapy, in which the 
measurements are recorded with an ioniza- 
tion chamber-electrometer system; the sec- 
ond is the film sensitometric method in 
which roentgenographic film is employed as 
the radiation recording medium. The for- 
mer is a rather simple procedure but un- 
fortunately the spectral responses of avail- 
able ionization chambers do not correspond 
to those of films and screens and therefore 
does not yield reliable information. The lat- 
ter method is completely satisfactory from 
the standpoint of the spectral response of 
the recording agent if certain precautions 
are taken, but it presents serious difficulties 
when a considerable quantity of data is to 
be gathered because of the complexity of 
the procedure. For each set of conditions 
for which data are desired, several roent- 
genographic exposures must be made. The 
films subsequently require processing under 
closely identical conditions, their densities 
read and the results analyzed and con- 
verted to intensitometric values. It is evi- 
dent that the film sensitometric method is 
an impractical procedure when data are to 
be collected through the wide range of con- 
ditions normally encountered in roentgen 
practice and it is not surprising that values 
of the absorption coefficients of various 
anatomical tissues and of the intensity ra- 
tios of primary to total radiation which 
occur under the many roentgen conditions 
to be expected have not been determined. 

The recent development of a photoelec- 
tric roentgen-ray intensitometer^ whose 
spectral response may be made to coincide 
with that of any roentgenograpliic or roent- 
genoscopic material and with which meas- 
urements may be made quickly and easily 
has greatly simplified the collection of such 
data, however. With this instrument it has 
been possible to obtain much quantitative 
information regarding the factors which 
control roentgen contrast. 

The measurement of the mass absorption 
coefficients of bone, muscle and fat cannot 
be conveniently conducted with living tis- 
svies and it is therefore necessary to employ 
substitute phantom materials whose ab- 


sorption characteristics are closely similar. 
This problem, however, presents no serious 
difficulty. The mass absorption coefficient 
of a material is governed by the material’s 
atomic composition and is independent of 
its molecular structure. Furthermore, the 
atomic compositions of tissues other than 
bone and pathological calcifications are 
rather similar and these structures there- 
fore exhibit reasonably identical absorption 
characteristics. Accordingly, only two 
phantom materials, one to represent calci- 
fied and one to represent non-calcified 
tissues are required, and these materials, if 
desired, need not have chemical properties 
even remotely similar to the tissues for 
which they substitute. 

Masonite presdwood, a cellulose build- 
ing material having a density of 1.07, ex- 
hibits absorption characteristics similar to 
fat, muscle and connective tissue and, as 
will be pointed out presently, constitutes an 
excellent phantom material to represent 
these structures. A suitable phantom ma- 
terial to represent the inorganic constitu- 
ents of bone and of other calcifications 
is also readily obtainable. It has been 
showffi that these constituents occur as 
carbonate apatite having the formula 
CaioCOsIPOde H2O. Accordingly a pow- 
dered mixture of calcium phosphate and 
calcium carbonate in proportions by weight 
of 9.3 to i.o will possess comparable ab- 
sorption characteristics. 

Absorption measurements have been 
made with both of these phantoms through 
. a wide range of conditions in the labora- 
tories of The University of Chicago and the 
United States Public Health Service. In the 
case of Masonite presdwood, a phantom 
30 cm. square and ranging in thickness 
from o to 30 cm. was employed. Data were 
obtained with the roentgen machine, a 
four-valve, full-wave, single-phase unit 
operating at 30, 50, 70 and 85 kv. (peak), 
and with an inherent tube filtration of 0.5 
mm. Al. The measurements were repeated 
with an added filter of 5.0 mm. Al. The 
sizes of the portal irradiated were 300 sq. 
cm. and 900 sq. cm. measured at the level 
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of the photoelectric intensitometer; in ad-, 
dition, a set of data was obtained under 
conditions when essentially no scattered 
radiation was permitted to reach the in- 
tensitometer. Under each circumstance for 
which an absorption measurement was 



Fig. 4. Schematic diagram illustrating the arrange- 
ment by which absorption measurements were 
made in the absence of scattered radiation. The 
lead diaphragms limit the size of the roentgen 
beam to levels at which the quantity of scattered 
radiation is a minimum, and the large phantom- 
intensitometer distance attenuates the small 
quantity of scattered radiation that is produced 
to insignificantly low levels (less than i per cent 
of the intensity of the primary radiation). 

made, readings were taken both when the 
intensitometer was adjusted to have a spec- 
tral response similar to that of roentgeno- 
graphic films exposed with intensifying 
screens and when adjusted to have a re- 
sponse identical to that of films exposed di- 
rectly to roentgen radiation. Films exposed 
with intensifying screens have absorption 


characteristics similar to those of photo- 
fluorographic films exposed with a Patter- 
son. type B screen and to those of Patterson 
type B roentgenoscopic screens.^ The data 
obtained with the intensitometer having a 
film-screen spectral response are therefore 
also applicable to these conditions. Fur- 
thermore, films exposed with roentgen rays 
directly have a spectral response identical 
to that of photofluorographic films exposed 
with the Patterson type D screen (photo- 
roentgen); the non-screen data are there- 
fore applicable to this condition. 

The absorption measurements in which 
scattered radiation was prevented from fall- 
ing on the intensitometer were made under 
conditions illustrated in Figure 4. It will be 
observed that the phantom was located at 
a position close to the roentgen tube 
whereas the radiation detector of the 
photoelectric intensitometer was placed 2 
meters below. In addition, the roentgen 
beam was carefully diaphragm ed above and 
below the phantom to reduce the produc- 
tion and dispersal of scattered radiation. 
In ten si tome trie measurements with the 
phantom located at various positions be- 
tween the radiation detector and the roent- 
gen tube indicated that the intensity of the 
scattered radiation when the phantom was 
located in the position shown in Figure 4 
was less than i per cent of that of the pri- 
mary radiation. This method of effectively 
eliminating scattered radiation was first 
suggested by Seemann.® 

The absorption data for various thick- 
nesses of presdwood, irradiated at roent- 
gen tube potentials of 30, 50, 70 and 85 kv. 
(peak) through portals of 0.0, 300 and 900 
sq. cm., with a roentgen beam filtration of 
0.5 mm. A 1 (inherent tube filtration) and 
with the photoelectric intensitometer ad- 
justed to have a spectral response similar 
to that of films exposed with intensifying 
screens are illustrated graphically in Figure 
5. Similar data, obtained with a roentgen 
beam filtration of 5.5 mm. A 1 are presented 
in Figure 6. In Figures 7 and 8 the data 
apply to conditions where films are exposed 
to roentgen rays directly; in the former 
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Fig. 5. Absorption curves for Masonite presdwood (density = 1.07) irradiated with a four-valve, full-wave 
rectified roentgen generator operating at potentials of 30, 50, 70, and 85 kv. (peak), through portals of 
0.0, 300 and 900 sq. cm., with a roentgen-ray beam filtration of 0.5 mm. A1 (inherent tube filtration) and 
with the photoelectric intensitometer adjusted to have a spectral response similar to that of films exposed 
with intensifying screens. 


case, readings were made with an inherent 
tube filtration of 0.5 mm. Al, and in the 
latter, with a total filtration of 5.5 mm. Al. 
The portal size of 0.0 sq. cm. refers to the 
condition where scattered radiation was 
prevented from reaching the intensitom- 
eter. Since in practice an absence of scat- 
tered radiation can occur only when the 
portal size is zero, this method of designa- 
tion has been adopted. 


The values of the mass absorption coeffi- 
cient of Masonite presdwood under condi- 
tions when scattered radiation is prevented 
from reaching the film or screen (i.e. values 
which are applicable to equation (li)) may 
be determined by simply measuring the 
slopes of the 0.0 sq. cm. curves of Figures 
5 to 8. These values are tabulated in Tables 
I to IV. In Table i, the data are presented 
for various thicknesses of presdwood when 
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Tables I-IV 

MASS ABSORPTION COEFFICIENTS OF MASONITE PRESDWOOD EXPRESSED IN TERMS OF DECADIC LOGARITHMS 
THESE VALUES ARE CLOSELY EQUIVALENT TO THOSE OF ALL ANATOMIC MATERIALS WITH 
THE EXCEPTION OF CALCIFIED TISSUES 


Table I 

Data applicable to conditions where: 

Exposures made with intensifying screens. 
Filtration in roentgen beam =Inherent tube filtra- 
tion (0.5 mm. Al) 


Table II 

Data applicable to conditions where: 

Exposures made with intensifying screens. 
Filtration in roentgen beam = Inherent tube filtra- 
tion (0.5 mm. Al) plus 5 o mm. Al 


Thickness of 
Presdwood 
(cm.) 


Kilovolts (peak) 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

00 

70 

50 

30 

85 

70 

so 

0.0 

0.210 

0.231 

0.262 

0.300 

0.0 

0.107 

O.IIO 

0.125 

2-5 

0.129 

0.143 

0.163 

0.205 

2-5 

0.105 

0.109 

0.120 

S-o 

0.117 

0.125 

0.136 

0.173 

S-o 

0.104 

0.108 

0.II8 

7 -S 

O.IIO 

0.114 

0.125 

0.165 

7-5 

0.104 

0.108 

0.II7 

10. 0 

0.109 

0.113 

0.124 

0.164 

10. 0 

0.103 

0.107 

0.II7 

12.5 

0.108 

0.112 

0.123 

0.164 

12.5 

0.103 

0.107 

0.II7 

15.0 

0.107 

O.III 

0.122 


15.0 

0.103 

0.107 

0.117 

n-s 

0.107 

O.IIO 

O.I 2 I 


I 7 -S 

0.103 

0.107 

0.II7 

20.0 

0.106 

0.109 

0 

0 


20.0 

0.103 

0.107 

0.II7 

22.5 

0.106 

0.109 

O.II9 


22.5 

0.103 

0.107 

0.II7 

25 .0 

0.105 

0.108 

O.II8 


25 .0 

0.103 

0.107 

O.1 17 

27.5 

0.105 

0.108 

O.II7 


27.5 

0.103 

0.107 

0.II7 

30-0 

0.104 

0.107 

O.II7 


30-0 

0.103 

0.107 

0.117 


Table III 

Data applicable to conditions where: 

Exposures made without intensifying screens 
(cardboard holders). 

Filtration in roentgen beam = Inherent tube filtra- 
tion (0.5 mm. Al) 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

70 

so 

30 

0.0 

0.235 

0 . 25 s 

CO 

CO 

d 

0.330 

2-5 

0.142 j 

o.iss 

0 . 17 s 

0.220 

5.0 

0.125 

0.133 

0.145 

0.180 

7-S 

0.117 

0.121 

0.130 

0.168 

10. 0 

0.113 

0.117 

0.127 


12.5 

O.IIO 

0.115 

0.125 


15.0 

0.108 

0.112 

0.123 


I7-S 

0.107 

O.IIO 

0.122 


20.0 

0.106 

O.IIO 

O.I 2 I 



Table IV 

Data applicable to conditions where: 

Exposures made without intensifying screens 
(cardboard holders). 

Filtration in roentgen beam = Inherent tube filtra- 
tion (0.5 mm. Al) plus 5.0 mm. Al 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

70 

so 

0.0 

O.IIO 

0.120 

0.132 

2-5 

0.106 

0.1X3 

0.125 

5.0 

0.104 

O.III 

0.120 

7 -S 

0.103 

0.108 

0.118 

10. 0 

0.103 

0.107 

0.117 

12. s 

0.103 

0.107 

0.117 

15.0 

0.103 

0.107 

0.117 

17.5 

0.103 

0.107 

0.117 

20.0 

0.103 

0.107 

0.117 


irradiated at the four kilovoltages studied, 
under conditions where the radiation is re- 
ceived by films exposed with intensifying 
screens. Similar data for conditions where 
the roentgen beam filtration is 5.5 mm. Al 
are listed in Table ii. Tables iii and iv are 


for conditions where the radiation is re- 
ceived by films exposed without intensi- 
fying screens; the former applies to a roent- 
gen beam filtration of 0.5 mm. Al and the 
latter to a filtration of 5.5 mm. Al. 

The values of the mass absorption coeffi- 
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Fig. 6 . Absorption curves for Masonite presdwood (density = 1.07) irradiated with a four-valve, full-wave 
rectified roentgen generator operating at potentials of 50, 70 and 85 kv. (peak), through portals of 0.0, 
300 and 900 sq. cm., with a roentgen-ray beam filtration of 5.5 mm. A 1 and with the photoelectric intensi- 
tometer adjusted to have a spectral response similar to that of fil.TS exposed with intensifying screens. 


cients for presdwood listed in Tables i to 
IV are not, of course, exactly representative 
of those of bone, muscle, fat and other tis- 
sue. They are, however, closely similar as 
will be evident from Figure 9 where ab- 
sorption curves for fresh skeletal muscle 
(beef), presdwood, and lard (animal fat), 
are plotted for roentgen tube potentials of 
30, 50, 70 and 85 kv. (peak). These meas- 
urements were obtained under conditions 
where the intensity of the scattered radi- 
ation reaching the intensitometer was effec- 
tively zero and where the intensitometer’s 
spectral response was similar to that of 
films exposed with intensifying screens. The 
comparative values of the absorption co- 
efficients of the three materials at the four 
kilovoltages are listed in Table v, a value 
of 100 per cent being assigned to Masonite 
presdwood in each case. 

The data provided in Figures 5 to 8 may 
also be used to calculate the intensity ratios 
of primary to total radiation which occur 
under roentgenographic and roentgeno- 
scopic conditions for portal areas of 300 and 
900 sq. cm. The values for conditions where 
films are exposed with intensifying screens 
are listed in Tables vi to ix and for condi- 
tions where films are exposed to roentgen 
rays directly in Tables x to xiii. In each 


case the figures apply respectively to (i) a 
portal area of 300 sq. cm. and a roentgen 
beam filtration of 0.5 mm. A 1 (inherent), 
(2) a portal area of 300 sq. cm. and a total 
filtration of 5.5 mm. Al, (3) a portal area of 
900 sq. cm., and 0.5 mm. Al filtration (in- 

Table V 

COMPARATIVE VALUES OF THE MASS ABSORPTION 
COEFFICIENTS OF ANIMAL FAT, PRESD- 
WOOD AND SKELETAL MUSCLE 


Material 

Kilovoltage (peak) 

30 

50 

70 

85 

Animal fat 

0.92 

0.94 

0.96 

0.97 

Masonite presdwood 

1 .00 

1 .00 

1 .00 

1 .00 

Skeletal muscle 

1 .04 

1 .03 

1.02 

1 .02 


herent) and (4) a portal area of 900 sq. cm. 
and 5.5 mm. Al filtration (total). 

Absorption curves for CaioC03(P04)6, 
(density = 1.00) irradiated at roentgen tube 
potentials of 30, 50, 70 and 85 kv. (peak), 
wdth a roentgen beam filtration of 0.5 
mm. Al (inherent tube filtration) with 
the photoelectric intensitometer adjusted 
to have a spectral response similar to 
that of films exposed with intensifying 




78 


Russell H. Morgan 


January, 1946 






Fig. 7. Absorption curves for Masonite presdwood (density = 1.07) irradiated with a four-valve, full-wave 
rectified generator operating at potentials of 30, 50, Jo, and 85 kv. (peak), through portals of 0.0, 300 and 
900 sq. cm., with a roentgen-ray beam filtration of 0.5 mm. A 1 (inherent tube filtration) and with the photo- 
electric intensitometer adjusted to have a spectral response similar to that of films exposed to roentgen ra) s 


directly. 

screens and with scattered radiation reach- 
ing the intensitometer effectively reduced 
to zero are illustrated in Figure 10. Curves 
A to F refer respectively to conditions 
where additional filters of Masonite presd- 
wood (density 1.07) 0.0 cm., 2.5 cm., 5.0 
cm., 10 cm., 20 cm., and 30 cm. in thickness 
are present. Similar data obtained with a 
roentgen beam filtration of 5.5 mm. AI are 
shown in Figure ii. In Figures 12 and 13 
the data apply to conditions where films are 


exposed to roentgen rays directly; in the 
former case, readings were made with an 
inherent tube filtration of 0.5 mm. Al, and 
in the latter with a total filtration (exclu- 
sive of presdwood) of 5.5 mm. Al. 

In Tables xiv to xxxiii are listed the 
values of the mass absorption coefficient of 
CaioC03(P04)6 which occur under the 
foregoing conditions. They were deter- 
mined simply by measuring the slopes of 
the curves in Figures 10 to 13. 
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Thickness of Presdwood- Cm 


Thickness of Presdwood - Cm 


ThirliA»«« nf Prfsdwood • Cm 


Fig. 8 . Absorption curves for Masonite presdwood (density = 1.07) irradiated with a four-valve, full-wave 
rectified generator operating at potentials of 50, 70, and 85 kv. (peak), through portals of 0.0, 300 and 900 
sq. cm., with a total roentgen beam filtration of 5.5 mm. A 1 and with the photoelectric intensitometer 
adjusted to have a spectral response similar to that of films exposed to roentgen rays directly. 


DISCUSSION 

It was shown in equation (20) that the 
contrast of a roentgenographic or roent- 
genoscopic image is proportional to the im- 
age’s roentgen-ray intensity distribution 
function usually given by equation (ii) or 
(13)- It is therefore possible with the data 
which have just been presented to evaluate 
the manner in which contrast is affected by 
various roentgen conditions. Thus if Fi and 
To are the intensity distribution functions 
for two different circumstances, the per- 
centage change in contrast which occurs 
when one progresses from one condition to 
the other will be 

p P 

%AC=---— xioo. (21) 

Ti 

In the following paragraphs several illus- 
trative examples are given to demonstrate 

Fig. g. Absorption curves for animal fat (density 
=0.92), Masonite presdwood (density = 1.07) 
and skeletal beef muscle (density = 1.05), ir- 
radiated with a four-valve, full-wave rectified 
generator operating at potentials of 30, 50, 70, and 
85 kv. (peak), with a roentgen-ray beam filtration 
of 0.5 mm. Al, and with the photoelectric intensi- 
tometer adjusted to have a spectral response 
similar to that of films exposed with intensifying 
screens. These data were obtained in the absence 
of scattered radiation. 


the manner in which equation (21) may be 
employed. 

{a) Effect of Kilowltage on Roentgen Con- 
trast. A perusal of the tables indicates that 
the changes in the mass absorption coeffi- 
cients which occur when the kilovoltage 
applied to the roentgen tube is altered are 



Density X Thickness - Gm/Cm.® 
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Tables VI to IX 

RATIOS OF PRIMARY TO TOTAL RADIATION RECEIVED BY ROENTGENOGRAPHIC FILMS EXPOSED WITH INTENSIFYING 
SCREENS AND BY ROENTGENOSCOPIC SCREENS (PATTERSON TYPE “b”). DATA INCLUDE VALUES 
FOR PHANTOM THICKNESSES RANGING FROM 0 . 0 . TO 30 CM. OF MASONITE PRESDWOOD 
(density = 1.07 CM.), FOR FOUR KILOVOLTAGES, FOR TWO PORTAL AREAS AND 
FOR TWO DEGREES OF FILTRATION 


Table VI 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) 

Portal area =300 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

30 

0.0 

1 .000 

1 .000 

1 .000 

1 .000 

2-5 

0.740 

0.755 

0.770 

0.805 

5-0 

0.620 

0.635 

0.650 

0.690 

7 -S 

0.530 

0.550 

0.565 

0.615 

10. 0 

0-455 

0.475 

0.500 

0.560 

la-S 

0.385 

0.415 

0.445 


15.0 

0.330 

0.360 

0-395 


17-5 

0.280 

0.310 

0.350 


20.0 

0 

0 

0.270 

0.310 


22.5 

0.205 

0.235 



25 .0 

0.175 

0.205 



27.5 

0.150 




30.0 

0.130 





Table VIII 

Data applicable to conditions where: 

Roentgen beam filtration =Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al 
Portal area =300 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

1 Kilovolts (peak) 

85 

70 

50 

0.0 

1 .000 

I .000 

1 .000 

i -5 

0.760 

0.750 

0.790 

5-0 

0.630 

0.620 

0.655 

7-5 

0.525 

0.525 

0.550 

10. 0 

0.440 

0 . 440 

0.470 

12.5 

0.370 

0.375 

0.400 

15.0 

0.310 

0.320 

0.340 

37-5 

0.260 

0 . 270 

0.295 

20.0 

0.215 

0 

6 

0.250 

00 £ 

0.180 

0.195 


25.0 

0.155 

0.165 


- 7 -5 

0.130 



30.0 

1 0.105 

I 



much greater for calcified than for non- 
calcified tissues. It will therefore be neces- 
sary to treat the problem in two parts. 


Table VII 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) 

Portal area = 900 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

CO 

kAl 

70 

50 

30 

0.0 

1 .000 

I .000 

1 .000 

1 .000 

2.5 

0.700 

0.715 

0.730 

0.745 

5-0 

0.540 

0-555 

0.570 

0.590 

7-5 

0.420 

0.445 

0.460 

0.480 

10.0 

0.325 

0.350 

0.380 

0.410 

12.5 

0.250 

0.275 

0.310 


15.0 

0.195 

0.220 

0.255 


17-5 

0.150 

0.175 

0.215 


20.0 

0.115 

0-135 

0.180 


22.5 

0.090 

O.IIO 



25 .0 

0.070 

0.087 



27-5 

0.0540 




30.0 

0.0415 





Table IX 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al. 

Portal area =900 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

0.0 

I .000 

I .000 

1 .000 

2-5 

0.750 

0.710 

0.750 

5.0 

0.560 

0.535 

0.570 

7-5 

0.420 

0.415 

0.455 

10. 0 

0.325 

0.325 

0.365 

12.5 

0.245 

0.255 

0.290 

15.0 

0.185 

0.195 

0.230 

17.5 

0.140 

0.150 

0.180 

20.0 

0.105 

0.120 

0.145 

00 ^ ^ 

0.082 

0.093 


25 .0 

0.062 

0.072 


27-5 

0.047 



30.0 

0.037 




First, let us consider an image produced 
by a plane of fat tissue, having a density of 
0.92, which separates two muscle bundles, 
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Tables X to XIII 

RATIOS OF PRIMARY TO TOTAL RADIATION RECEIVED BY ROENTGENOGRAPHIC FILMS EXPOSED WITHOUT 
INTENSIFYING SCREENS. DATA INCLUDE VALUES FOR RANGE OF PHANTOM THICKNESS EXTENDING 
FROM 0.0 TO 20 CM. OF MASONITE PRESDWOOD (DENSITY = 1. 07 CM.), FOR FOUR 
KILOVOLTAGES, FOR TWO PORTAL AREAS AND FOR TWO DEGREES OF FILTRATION 


Table X 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) 

Portal area =300 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

CO 

70 

50 

30 

0.0 

1 .000 

I .000 

1 .000 

1 .000 

2-5 

0.710 

0.725 

0.740 

0.780 

5-0 

0.565 

0.590 

0.605 

0.655 

7-5 

0.465 

0.490 

0.515 

0.565 

10. 0 

0.390 

0.420 

0.450 

0.500 

12.5 

0-330 

0.360 

0.390 


15.0 

0.285 

0.310 

0.345 


17-5 

0.240 

0.265 

0.305 


20.0 

0.205 

0.230 

0.270 



Table XI 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) 

Portal area =900 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

30 

0.0 

1 .000 

1 .000 

1 .000 

1 .000 

2-5 

0.675 

0.690 

0.700 

0.740 

5-0 

0.480 

0.500 

0.525 

0.580 

7-5 

0.365 

0.390 

0.425 

0.480 

10. 0 

0.275 

0.310 

0.350 

0.400 

12.5 

0.210 

0.245 

0.290 


15.0 

0.165 

0.195 

0.240 


17-5 

0.130 

0.155 

0.200 


20.0 

0.100 

0.125 

0.165 



Table XII 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al 
Portal area =300 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

0.0 

I .000 

I .000 

I .000 

2-5 

0.740 

0.740 

0.740 

5.0 

0.600 

0.590 

0.585 

7-5 

0.490 

0.475 

0.490 

10. 0 

0.405 

0.395 

0.415 

12.5 

0-335 

0.330 

0.350 

15.0 

0.280 

0.280 

0.300 

17-5 

0.235 

0.240 

0.260 

20.0 

0.195 

I 

0.205 

0.225 


each having a density of 1.05 and a thick- 
ness of I cm. Let us further imagine that 
these tissues are located in a structure 7.5 
cm. in thickness (e.g. the arm) and occupy 
a position several centimeters from a film 
which is to be exposed without intensifying 
screens. If the roentgen beam filtration is 
0.5 mm. Al, the area to be irradiated is 300 
sq. cm. and a grid is not used, it is evident 


Table XIII 

Data applicable to conditions where: 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al 
Portal area =900 sq. cm. 


Thickness of 
Presdwood 
(cm.) 

Kilovolts (peak) 

85 

t 

70 

50 

0.0 

1 .000 

1 

1 .000 

1 .000 

2-5 

0.700 

0 . 700 

0.715 

5-0 

0.500 

0.500 

0.540 

7-5 

0.380 

0.370 

0.415 

10. 0 

0.280 

0.280 

0.330 

12.5 

0.210 

0.220 

0.260 

15.0 

0 

d 

0.165 

0.210 

17-5 

0.120 

0.135 

0.170 

20.0 

0.092 

0. no 

1 

0.145 


from Tables iii, v and x that the intensity 
distribution function (equation (ii)) at 70 
kv. (peak) is 

Fi = ( 0 .I 2 IXI. 02 Xi .05 

—0.121 Xo.96Xo.92)(o.49oX i.o) =0.01 13 
and at 50 kv. (peak) is 
/^ 2 =(o.I 3 oXi.o 3 Xi.o 5 

0.130X0. 94 Xo.92)(o.5i 5 X 1.0) =0.0142. 
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Fig. 10. Absorption curves for carbonate apatite (density = 1.00) irradiated with a four-valve, full-wave 
rectified generator operating at potentials of 30, Jo, 70 and 85 (penk), with a roentgen-ray beam 
filtration of 0.5 mm. A 1 (inherent tube filtration), with a photoelectric intensitometer adjusted to have a 
spectral response similar to that of films exposed with intensifying screens and with scattered radiation 
reaching the intensitometer effectively reduced to zero. Curves A to F refer respectively to conditions 
where additional filtration of 0.0 cm., 2.5 cm., 5.0 cm., 10 cm., 20 cm., and 30 cm. of Masonite presdwood 
(density = 1 .07) is present. 


Therefore, from equation (ai) the contrast 
of the image increases approximately 25 
per cent between the two conditions. It 
may be easily shown that this change is 
somewhat smaller when a grid is used and 
when the thickness of the structure is 
greater than 7.5 cm. 

A change in contrast of 25 per cent is 
relatively small and is just beyond the 
lower limit of perciptibility. The effect of 
kilovoltage on soft tissue contrast is there- 
fore not great. 


If the image were produced by a calcified 
structure having a density of 2.0 and a 
thickness of 0.25 cm. and surrounded by 
skeletal muscle, the intensity distribution 
functions at 70 and 50 kv. (peak) would be 
(see Tables iii, v, ix, xxviii and xxix) 

Fi = (0.121 X 1 .02 X 1 .05 

— o. 5 5 X 2 .0) (0.490 X 0.5) = o. 1 1 7 

and 

(0.130X1. 03X1. 05 

— o.7oX2.o)(o.5I5Xo.5)=o.t63. 
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Such a decrease in kilovoltage would there- 
fore increase the contrast of the image by 
40 per cent, an amount somewhat above 
the minimum level of perceptibility. In this 
derivation interpolated values of the mass 
absorption coefficient of CaioC03(P04)6 
were used. 

It may seem strange to some readers that 
the influence of kilovoltage on contrast is 
not greater than that indicated in the ex- 
amples just cited for there are several re- 
ports in the roentgenological literature 


expressed in terms of decadic logarithms 
and T and cr are the photoelectric and scat- 
tering coefficients respectively expressed in 
terms of Naperian logarithms. The value of 
the photoelectric coefficient is a function of 
the third power of the exposing radiation 
and of the fourth power of the material’s 
atomic number whereas that of the scatter- 
ing coefficient is relatively independent of 
both of these parameters.* Within the 
range of potential from 40 to 85 kv. (peak), 
the values of the photoelectric coefficient of 



Thickness of COigCOjfPO^lj - Cm 



Thickness of Co,QCO,(PO^)g - Cm 



Thickness of CO|gCOj(P04)5 • Cm 


Fig. II. Absorption curves of carbonate apatite irradiated with a four-valve, full-wave rectified generator 
operating at potentials of 50, 70 and 85 kv. (peak), with a total roentgen-ray beam filtration of 5,5 mm. 
Al, with the photoelectric intensitometer adjusted to have a spectral response similar to that of films ex- 
posed with intensifying screens and with scattered radiation reaching the intensitometer effectively re- 
duced to zero. The symbols A to F have the same significance as in Figure 10. 


which lead one to expect a much larger ef- 
fect. These views, however, are based on 
the belief that the value of the mass absorp- 
tion coefficient of a material is a function 
of the third power of the wavelength of the 
exposing radiation and therefore of the 
third power of the reciprocal of the poten- 
tial impressed on the roentgen tube. Abun- 
dant experimental evidence does not sup- 
port the existence of such a simple relation- 
ship. Indeed, the mass absorption 
coefficient of a material appears to be com- 
posed of two parts, a photoelectric coeffi- 
cient and a scattering coefficient, which are 
related according to the equation 

2.3pi^ = r + o- (22) 

where h is the mass absorption coefficient 


a material composed of elements of low 
atomic number such as hydrogen, carbon 
nitrogen and oxygen, are small compared to 
those of the material’s scattering coefficient. 
Accordingly, the values of the mass absorp- 
tion coefficients of muscle, fat and other 
non-calcified tissues are largely unaffected 
by the wavelength of the exposing radiation 
under these conditions, and changes m 
roentgen tube kilovoltage therefore do not 
have a profound influence on contrast. 

{b) Effect of Portal Size on Contrast. The 
effect of portal size on the contrast of im- 
ages produced by objects separated from 
the film or screen by more than a few 

* For a more exhaustive treatment of this subject the reader is 
referred to a recent communication by Victoreen." 
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TABLES XIV-XIX 

MASS ABSORPTION COEFFICIENTS EXPRESSED IN TERMS OF DECADIC LOGARITHMS OF CaioC 03 (p 04 ) 6 , THE 
PRINCIPAL INORGANIC CONSTITUENT OF BONE. DATA ARE APPLICABLE TO CONDITIONS 
■WHERE EXPOSURES ARE MADE WITH INTENSIFYING SCREENS 


Table XIV 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) 


Thickness of 
CaioCOaCPOds* 
(cm.) 

Kilovolts (peak) 

85 

1 70 

.‘i® 

30 

0.0 

0-93 

1 .08 

1 

1 .26 

1 .80 

1 .0 

0.40 

0.48 

0.63 

I .09 

2 .0 

0.32 

0-39 

0.52 

0.99 

3-0 

0.31 

; 0.36 

i 0-49 

1 0-95 

4.0 

0.29 j 

0.35 

j 0.48 



* Density of matenal= i.co. 


Table XVI 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 cm. Masonite presdwood 


Thickness of 
CaioC 03 (P 04 )o* 
(cm.) 

Kilovolts (peak) 

CO 

1 

70 1 

5 ° 

30 

0.0 

0.50 

0.64 

0.80 

1 I-I 4 

1 .0 

0 - 3 S 

0.46 

0.61 

0.99 

2.0 

0.31 

0.36 

0.48 

0-95 

3-0 

0.29 

0 . 3 s 

0;47 


4.0 

0.28 

0-35 

0-47 



* Density of material= i .00. 


Table XVIII 

Roentgen beam filtration =Inherent tube filtration 
(0.5 mm. Al) plus 20 cm. Masonite presdwood 


Thickness of 
Ca,oC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

CO 

70 

0.0 

0.32 

0.39 

1 .0 

0.29 

0-35 

2.0 

0.28 

0-35 

3-0 

0.28 

0 - 3 S 

4.0 

0.27 

0-34 


* Density of material =1.00. 


centimeters may be easily evaluated from 
Tables vi to xiii. For example, if one is 
roentgenoscoping a 20 cm. subject with a 
type B screen at 70 kv. (peak), the inten- 


Table XV 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 2.5 cm. Masonite presdwood 


Thickness of 
CaioC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

30 

0.0 

0-73 

0.83 

0.93 

1 .44 

1 .0 

0.36 

0.42 

0.52 

I .04 

2 .0 

0.31 

0-37 

0.48 

0.9s 

3-0 

0 .29 

0.36 

0.48 

1 0-93 

4.0 

0.28 

0-35 

0.47 



* Density of material= i.C 50 . 


Table XVII 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 10 cm. Masonite presdwood 


Thickness of 
Ca.oC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

8S 

70 

SO 

0.0 

0.41 

0.50 

0.69 

I .0 

0.32 

0.38 

0.52 

2.0 

0.29 

0.36 

0.48 

3-0 

0.28 

0-35 

0.47 

4.0 

0.28 

0-35 

0.47 


* Density of materi.al= i.oo. 


Table XIX 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 30 cm. Masonite presdwood 


Thickness of 
CaioC 03 (P 04 )c=" 
(cm.) 

Kilovolts (peak) 

CO 

70 

0.0 

0.31 

0.36 

1 .0 

0.29 

0-35 

2.0 

0.28 

0-35 

3.0 

0.27 

0.34 

4.0 

0.27 

0.34 


* Density of niaterial= t.cc. 


sity distribution function when a grid-is not 
used and when the portal area is 300 sq. 
cm. is 

Fi=(hpb~^iPi) X 0 . 270 .V,-. 
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Tables XX-XXV 

MASS ABSORPTION COEFFICIENTS EXPRESSED IN TERMS OF DECADIC LOGARITHMS OF CaioC03(p04)c, THE 
PRINCIPAL INORGANIC CONSTITUENT OF BONE. DATA ARE APPLICABLE TO CONDITIONS 
WHERE EXPOSURES ARE MADE WITH INTENSIFYING SCREENS 


Table XX 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. A 1 


Thickness of 
Ca.oCOsCPOOs* 
(cm.) 

Kilovolts (peak) 

CO 

70 

50 

0.0 

0.39 

0.46 

0.57 

1 .0 

0.32 

0.39 

0.50 

2.0 

0.28 

0.34 

0.46 

3-0 

0.27 

0-33 

1 0.46 

4.0 

0.26 

0-33 

0.46 


* Density of material= i.oc. 


Table XXII 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al plus 5.0cm. Masonite 
presdwood 


Thickness of 
CaioCOsfPOj)^* 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

0.0 

0-35 

0-39 

0.50 

1 .0 

0.28 

0-34 

0.47 

2.0 

0.27 

0-33 

0.46 

3-0 

0.26 

0.33 

0.46 

4.0 

0.26 

0.32 

0.46 


* Density of material= i.co. 


Table XXIV 

Roentgen tube filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al plus 20 cm. Masonite 
presdwood 


Thickness of 
CaioCOsfPOOe* 
(cm.) 

Kilovolts (peak) 

85 

70 

0.0 

0.28 

0.35 

1 .0 

0.26 

0-34 

2.0 

0.26 

0.33 

3-0 

0.26 

0.32 

4.0 

0.26 

0.32 


Table XXI 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm.Al) plus 5.0 mm. Al plus 2.5 cm. Masonite 
presdwood 


Thickness of 
CaioC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

00 

70 

50 

0.0 

0.36 

0.42 

0.53 

1 .0 

0.29 

0.35 

0.47 

2.0 

0.28 

0-34 

0.46 

3-0 

0.27 

0-33 

0.46 

4.0 

0.26 

0-33 

0.46 


* Density of material=i.oo. 


Table XXIII 


Roentgen beam filtration =Inherent tube filtration 
(0.5 mm.Al) plus 5.0 mm. Al plus 10 cm. Masonite 
presdwood 


Thickness of 

CaioC 03 (P 04 ) 6 * 

(cm.) 

Kilovolts (peak) 

00 

70 

SO 

0 .0 

0.30 

0.37 

0.48 

1 .0 

0.27 

0-34 

0.46 

2 .0 

0.26 

0-33 

0.46 

3-0 

0.26 

0.32 

0.46 

4.0 

0.26 

0.32 

0.46 


* Density of materiai= i.oo. 


Table XXV 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm.Al) plus 5.0 mm. Al plus 30 cm. Masonite 
presdwood 


Thickness of 
Ca,oC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

. 

00 

70 

0.0 

0.27 

0-34 

1 .0 

0.26 

0-33 

2 .0 

0.26 

0.32 

3-0 

0.26 

0.32 

4.0 

0.26 

0.32 


Density of materi.al =i.oo. 


Density of materia!= i.co. 
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Fig . 12. Absorption curves of carbonate apatite irradiated with a four-valve, full-wave rectified generator 
operating at potentials of 30, 50, 70 and 85 kv. (peak), with a roentgen-ray beam filtration of 0.5 mm. A 1 
(inherent tube filtration), with the photoelectric intensitometer adjusted to have a spectral response similar 
to that of films exposed with roentgen rays directly and with scattered radiation reaching the intensitome- 
ter effectively reduced to zero. Curves A to D refer respectively to conditions where additional filtration 
of 0.0 cm., 2.5 cm., 5.0 cm., and 10 cm., of Masonite presdwood (density = 1.07) is present. 


When the portal area is 900 sq. cm. the 
function is 

(^6P6-^.P.)X0.I35.V.-. 

Under this circumstance, therefore, con- 
trast is increased 100 per cent by reducing 
the size of the field irradiated. 

(/) Effect of o Grii^ 072 Co 72 t 7 -ast. In this 
example let us compare the contrast, ob- 
tained in a photofluorographic film when a 
grid haAung an efficiency of 80 per cent is 
used, with the contrast which occurs when 
the grid is absent. 


In the derivation let us assume a subject, 
20 cm. in thickness, a roentgen tube poten- 
tial of 85 kv. (peak), a type D fluorescent 
screen and a filtration of 0.5 mm. AL 
Chamberlain^ has pointed out that the 
chest of a ao cm. subject has approximately 
the same absorption as 10 cm. of presd- 
wood. Therefore, from Table xi the inten- 
sity distribution function when a grid is 
employed is 

(<^fcP4-Ap,)Xo.275.Vi 



I -bo.8 (0.275 — I •°^) 

= {l 2 bPb—iiPd X0.65 5-Vi 
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Fig. 13 . Absorption curves of carbonate apatite irradiated with a four-valve, full-wave rectified roentgen 
generator operating at potentials of 50, 70 and 85 kv. (peak), with a total roentgen-ray beam filtration of 
5.5 mm. Al, with the photoelectric intensitometer adjusted to have a spectral response similar to that of 
films exposed with roentgen rays directly, and with scattered radiation reaching the intensitometer ef- 
fectively reduced to zero. The symbols A to B have the same significance as in Figure 12 . 


Tables XXVI-XXIX 

MASS ABSORPTION COEFFICIENTS EXPRESSED IN TERMS OF DECADIC LOGARITHMS OF CaioC03(p04)G, THE 
PRINCIPAL INORGANIC CONSTITUENT OF BONE. DATA ARE APPLICABLE TO CONDITIONS 
WHERE EXPOSURES ARE MADE WITHOUT INTENSIFYING SCREENS 


Table XXVI Table XXVII 

Roentgen beam filtration = Inherent tube filtration Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. AI) (0.5 mm. Al) plus 2.5 cm. Masonite presdwood 


Thickness of 
CaioC03(P04)6* 
(cm.) 

Kilovolts (peak) 

Thickness of 
Ca,oC 03 (P 04 )c* 
(cm.) 

1 

j Kilovolts (peak) 

00 

70 

1 

I 

■ 50 

1 

1 

30 

85 

1 7° 

50 

30 

0.0 

1.20 

1 .40 

j 

1.60 

1 

1 .94 

0.0 

0.88 

0.99 


1.67 

1 .0 

0.50 

0.60 

0-73 

I .09 

I .0 

0.44 

0.50 

0.59 

1 .05 

2.0 

0-34 

0.40 1 

0.5s 

0.99 

2 .0 

0-34 

0.38 

0-53 

0.95 

3-0 

0.32 

0.36 

0.50 

0.95 

3-0 

0.32 

0.36 

0.50 

0-93 

4.0 

0.31 

0-35 

0.49 


4.0 

0.31 

0-35 

0.49 



* Density of material= i.oo. * Density of material= i.co. 


Table XXVIII 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 cm. Masonite presdwood 


Thickness of 
Ca 4 oC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

I 85 

70 

50 

; 30 

1 

0.0 

1 0.62 

0-74 

0.90 

I .22 

I .0 

! 0.42 

0.50 1 

0.62 

0.99 

2 .0 

0-33 

0.38 

0.51 

0-95 

3-0 

0.31 

0.36 

0.49 


4.0 

0.30 

0 - 3 S 

0.48 



Density of material= i.co. 


Table XXIX 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. AI) plus 10 cm. Masonite presdwood 


Thickness of 
Ca,oC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

1 

0.0 1 

1 

; 0-47 

0-55 

0.75 

1 .0 ’ 

0-34 

0-39 

0.55 

2 .0 

i 0-31 

0.36 

0.49 

3-0 

, 0-30 

0-35 

0.48 

4.0 

j 0-29 

0-35 

0.48 


* Density of material^ i.oo. 
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Tables XXX-XXXIII 

MASS ABSORPTION- COEFFICIENTS EXPRESSED IN TERMS OF DECADIC LOGARITHMS OF CaioC03(p04)6, THE 
PRINCIPAL INORGANIC CONSTITUENT OF BONE. DATA ARE APPLICABLE TO CONDITIONS 
where EXPOSURES ARE MADE WITHOUT INTENSIFYING SCREENS 


Table XXX 

Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. A 1 


Thickness of | 
CajoC 03 (P 04 ) 6 *j 
(cm.) 

Kilovolts (peak) 


70 

50 

i 

0.0 

0.49 

0.57 

0.71 

1 .0 

0-33 1 

0.40 

0.50 

2.0 

0.28 ! 

0-34 

0.47 

3-0 

0.27 

0-33 

0.46 

4.0 

0.26 

0-33 

0.46 


* Density of matenal= 1 .00. 


Table XXXII 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm. Al) plus 5.0 mm. Al plus 5.0 cm. Masonite 
presdwood 


Thickness of 
CaioC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

CO 

70 

i 

0.0 

0.40 

1 

0.44 

0.57 

1 .0 

0.30 

0.34 

0.48 

2.0 

0.27 

1 0.33 

0.46 

3-0 

0.26 

0-33 

0.46 

4.0 

0.26 

1 0-33 

0.46 


* Density of material= i.co. 


and when a grid is absent 

{bipb—bipi) Xo.iTSXi- 

Thus the use of a grid increases photofluor- 
ographic contrast by almost 130 per cent. 

(r/) Effect of Filtration on Contrast. The 
effect of filtration on the mass absorption 
coefficients of presdwood and CaioCOs- 
(P04 )g depends in a large measure on the 
thickness of the phantom under examina- 
tion, being quite marked when the thick- 
ness is small and rather insignificant when 
the thickness is large. The manner in which 
contrast is governed by filtration will 
therefore be very different under the two 
conditions. 


Table XXXI 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm.Al) plus 5.0 mm. Al plus 2.5cm. Masonite 
presdwood 


Thickness of 
Ca 4 oC 03 (P 04 )G* 
(cm.) 

Kilovolts (peak) 

85 

70 

50 

0.0 

0.44 

0.52 

0.66 

1 .0 

0.33 

0.38 

0.48 

2.0 

0.28 

0.34 

0.46 

3-0 

0.27 

0-33 

0.46 

4.0 

0.26 

0.33 

0.46 


* Density of niaterial= i.cxj. 


Table XXXIII 


Roentgen beam filtration = Inherent tube filtration 
(0.5 mm.Al) plus 5.0 mm. Al plus 10 cm. Masonite 
presdwood 


Thickness of 
CaioC 03 (P 04 ) 6 * 
(cm.) 

Kilovolts (peak) 

85 

70 

SO 

0.0 

0.33 

0.39 

0.51 

1 .0 

0.28 

0.34 

0.46 

2.0 

0.27 

0.33 

0.46 

3-0 

0.26 

0.32 

0.46 

4.0 

0.26 

0.32 

0.46 


* Density of material= i.oo. 


Let us first consider the image contrast 
produced by a calcified object having a 
density of a.o and a thickness of 0.25 cm. 
when surrounded by skeletal muscle having 
a density of 1.05 and a thickness of 10 cm. 
If the field irradiated is 300 sq. cm., the 
roentgen beam filtration is 0.5 mm. Al, the 
roentgen tube potential is 70 kv. (peak) and 
a grid having an efficiency of 80 per cent is 
used, the intensity distribution function of 
the image when recorded by a film exposed 
with intensifying screens is 

(o.i 13X1.02X1.05— 0.50X2.0)0.25X0.475 
* (i-f 0.8 (0.475 — 1. 000) 

=0.24. 



VoL. 55, No. I 


Diagnostic Quality of Roentgen Images 


89 


When the filtration is 5-5 rnm. A 1 the func- 
tion is 

(0.107X 1 -oaX 1 -05 -0-37 Xa.o)o.a 5 Xo- 35 o 
^ 14-0.8(0.350 — 1,000) 

=0.11. 

Thus the introduction of filtration reduces 
the contrast of the image by almost 55 per 
cent. 

If, however, the calcified object is sur- 
rounded by muscle tissue having a thick- 
ness of 20 cm. and the size of the field 
irradiated is 900 sq. cm., the intensity dis- 
tribution function of the object’s image 
when the roentgen beam filtration is 0.5 
mm. A 1 will be 


assumption seems justified, although its 
validity will require checking by further 
experimentation. 

It is hoped that the information which 
has been presented in this communication 
will constitute a useful guide to those who 
wish quantitative knowledge of the manner 
in which the contrast of a roentgen image 
is influenced by various technical factors. 
The data which have been given are far 
from complete, but additions may be ex- 
pected when further investigations are 
completed. Meanwhile many roentgen 
technical problems may find ready solution 
from the values listed in the several tables 
and graphs. 


(0.109X1.02X1-05-0.39X2.0)0.25X0.135 
(14-0.8(0.135 — 1.000) 

=0.072 


and when the filtration is 5.5 mm. Al, 

(0.107X1.02X1.05—0.35X2.0)0.25X0.120 


F,=- 


( 1 4-0.8 (o. 1 20 — 1 .000) 


= 0.058. 


Under this second circumstance the con- 
trast of the image is reduced by the rela- 
tively insignificant amount of 19 per cent 
by the added filtration. 

In all of the foregoing examples it has 
been assumed that the scattered radiation 
produced by Masonite presdwood is iden- 
tical to that developed by comparable 
thicknesses of human tissue. In view of the 
similarity in the absorption characteristics 
of presdwood, fat and skeletal muscle this 
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THE SIGNIFICANCE OF THE VOLUME DOSE 


D uring the course of irradiation of a 
given lesion by means of roentgen or 
radium rays a certain amount of the dose 
administered is absorbed throughout the 
entire body. This fact was recognized from 
the earliest days of radiation therapy and 
references to it repeatedly appeared in the 
literature. However, due to lack of measur- 
ing devices, the magnitude of the dose ab- 
sorbed beyond the limits of the treated area 
could not be exactly determined. It is not 
surprising, therefore, that the clinical inter- 
pretation of the effect of such a dose on the 
various physicochemical reactions of the 
body, especially in relation to radiation 
sickness, should have lead to considerable 
argumentation and speculation. 

In 1935 it occurred to Ellis® that some 
advantage may be derived from trying to 
express the dose absorbed beyond the 
treated area in some sort of a unit that 
could be measured at least approximately. 
He coined the term “volume dose” al- 
though the same term was used, in a more 
general sense, by Wintz earlier, and de- 
scribed it as so many roentgens per cubic 
centimeter of body tissue or “roentgen cc.” 

In 1940 Mayneord,^ after a series of 
experimental and theoretical investiga- 
tions, placed the subject on a more solid 
physical foundation. He suggested the term 
“integral dose” and introduced as a basic 
unit the gram-roentgen which is the energy 
conversion when i r is delivered to i gram 
of air.Amegagram-roentgen (i milliongram- 
roentgens) is approximately equivalent to 
2 calories. In radium therapy results are 
expressed in gram-roentgens per milli- 
gram-hour. Although this unit of Mayne- 
ord, in assuming unity density of the pa- 
tient, refers to weight rather than volume, 
it has distinct clinical advantages. It 
makes, above all, possible the expression 


of the total dose absorbed by the body dur- 
ing the course of irradiation in a manner 
comparable with the absorption of a gram 
of drug per body weight. 

Following the initial work of Ellis and of 
Mayneord, other notable publications 
made their appearance in rapid succession. 
They dealt with the various phases of the 
problem by using several comparative 
methods of investigation. Clinical inter- 
pretations and practical evaluation of the 
physical data made available were like- 
wise not slow in forthcoming. 

It is, therefore, very fortunate indeed 
that the British Institute of Radiology, at 
one of its general meetings has arranged a 
symposium^ aiming to co-ordinate the lat- 
est views on the physical, biochemical, and 
therapeutic aspects of the volume dose. 

In this symposium, Clarkson® discussed 
the results of the physical measurements 
made in conjunction with Mayneord on a 
“wax” patient. A model of elliptical cross- 
section and divided into slabs was con- 
structed. In some of these slabs condenser 
ionization chambers were housed and 
measurements made for various locations. 
The investigations included whole body 
irradiation, in which the tube was placed 
at a distance of 250 cm. to cover the entire 
model, and limited field irradiations. By 
taking the average doses and making use 
of a simple calculation devised by May- 
neord, tables were drawn up for whole 
body and different kinds of trunk irradia- 
tions. The volume dose is then found by 
reading the average dose from these tables 
and multiplying it by the weight of the 
patient and the surface dose. 

Boag,'* on the other hand, presented the 
results of the physical measurements made 
in conjunction with Walter on a “celluloid” 
patient devised by Grimmett. This model 
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was constructed of cellulose acetate plates 
6 mm. thick, spaced apart by washers of 
the same material 2 mm. thick. The plates 
were graphited to make them electrically 
conductive. Alternate plates were con- 
nected together with wires which were led 
to opposite poles of a battery. A sensitive 
galvanometer in the circuit measured the 
total ionization current collected from the 
air gaps when these were in a radiation 
field. As may be seen, such a model lends 
itself particularly to the measurement of 
the volume dose emanating from the irradi- 
ation of limited fields of the entire body. In 
this respect it is complementary to the 
“wax” patient which permits only whole 
body or trunk measurements. 

Boag studied a number of situations 
with roentgen rays of 2 to 4 mm. Cu half- 
value layer, and found that the volume dose 
depends principally on the size of area and 
the site of the field and to a much lesser ex- 
tent on the focal skin distance, linear di- 
mensions of the patient and, within the 
ranges mentioned, on the half-value layer 
of the radiation. 

The biochemical aspect of the volume 
dose is as yet unexplored, although, accord- 
ing to Holmes,® the data available in a few 
cases allow rather clear suggestions for fu- 
ture work. The liberation of histamine and 
the behavior of purines following irradia- 
tion may prove of some significance. It was 
noted with considerable interest that uric 
acid, which is the end product of purine 
metabolism, appeared in animal tumor cells 
in increasing amounts twenty-four hours 
after irradiation. 

A great deal more is known, however, 
about the clinical aspect of the volume 
dose. Ellis® by reviewing the literature and 
collecting all the pertinent material on the 
subject was able to formulate rather defi- 
nite conclusions as to its value in practical 
radiation therapy. 

Ellis paid special attention to the rela- 
tionship of the volume dose and a given tu- 
mor dose. The aim in clinical therapy is to 
administer the maximum amount of radia- 
tion to a tumor by producing the minimum 
possible effect on the surrounding struc- 


tures or the body as a whole. Therefore, 
any procedure that can bring about this 
desideratum is worthy of consideration. 
Eilis found that a knowledge of the physi- 
cal factors permits the advantageous ad- 
justment of the relationship between vol- 
ume dose and tumor dose in several ways. 
First, there is an almost proportional de- 
pendence of the volume dose on the size 
of the irradiated field. This means that, 
other things being equal, it is desirable to 
irradiate with fields as small as possible 
under the circumstances in order to keep 
the volume dose to a minimum value. Sec- 
ond, there is an inverse ratio between the 
volume dose and the skin target distance. 
This, in turn, means that to deliver the 
same tumor dose, other things being equal, 
the greater the skin target distance, the 
smaller the volume dose and thus the less 
the untoward effect from which the patient 
will suffer. Third, there is a definite de- 
pendence of the volume dose on the quality 
of the irradiating beam. Within the ranges 
of 2 to 4 mm. Cu half- value layer studied by 
Boag the difference was rather small. But 
in comparing 200 kv. radiation with 1,000 
kv. radiation Phillips’' found that the vol- 
ume dose is greater with the higher voltage 
beam for the same surface dose, other 
things remaining equal, although it is pos- 
sible by adjusting the size and number of 
fields, to gain an advantage with the 1,000 
kv. over the 200 kv. radiation. Fourth, the 
volume dose can be brought to a minimum 
in a given case by a proper selection of the 
number of fields and their efficient arrange- 
ment, other things being equal. This phase 
of the problem was studied in extenso by 
Ungar.® He chose various set-ups for treat- 
ment of the same lesion and determined 
the relation of the “economy quotient” to 
the volume dose. The economy quotient 
Avas defined as the ratio of the minimum 
tumor dose divided by the difference be- 
tween the maximum and minimum tumor 
doses. It was found that, other things being 
equal, the set-up which gave the greater 
economy quotient gave the smaller volume 
dose. From this Ungar devised a number of 
practical set-ups which he considered op- 
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timum for certain lesions under well de- 
termined circumstances. 

However exacting and precise these 
physical considerations may be, the evalua- 
tion of the biologic phenomena directly at- 
tributable to the effect of the volume dose 
constitutes a most difficult problem. As El- 
lis so vividly states, human beings, unlike 
Mayneord’s or Grimmett’s creations, are 
complex physicochemical factories subject 
to mental and a multitude of pathologic 
influences acting in different individuals in 
very different ways. Therefore, any simple 
correlation of physical factors and clinical 
reactions appears practically impossible. 

Broadly speaking, the biologic pheno- 
mena produced by the volume dose are 
general as distinct from local reactions 
which are the result of direct irradiation. 
According to Ellis, they may be divided 
into subjective and objective. The former 
include malaise, nausea, vomiting, head- 
ache, etc., all of which are impossible to 
measure or properly evaluate beyond the 
rough estimation that a larger volume dose 
is more apt to make a person ill than a 
smaller dose. To the latter belong the 
change in the blood pattern and some other 
changes, as for example those observed in 
the corpuscular volume, color index, sedi- 
mentation rate and blood pressure. The 
greatest hope was placed on the study of 
the blood pattern changes. Bush® in 1943 
published a curve expressing the propor- 
tional decrease of the lymphocytes in per- 
centage of the initial count with the in- 
crease of the volume dose. Other investi- 
gators published similar curves for all types 
of leukocytes. However, Ellis, in examining 
the blood counts in a series of patients with 
the same view in mind, failed to find such a 
close correlation between the lymphocytes 
jOid still less between the other types of 
eukocytes and the volume dose. The same 
Way be said of the other measurable quan- 
tities mentioned above. 

, following conclusions may therefore 
e derived as to the significance of the 
volume dose in present day therapy. The 
P } sical considerations are based on sound 
principles and the procedures are accurate. 


They aid considerably in devising methods 
of practical application of the roentgen and 
radium rays, which enable us to deliver a 
certain dose with greatest efficiency to the 
lesion, and least untoward effect to the pa- 
tient. They also help in outlining methods 
of protection. For example, Clarkson dem- 
onstrated that a person w'orking in a deep 
roentgen therapy department may absorb 
a volume dose which is five times as large 
for an equal measured stray radiation dose 
as that absorbed by a person engaged in 
roentgen diagnosis. But the volume dose is 
a disappointing and unreliable guide of the 
biologic effects. Ellis states that even if the 
lymphocyte curve could be correlated with 
the volume dose it is safer to trust the 
lymphocyte count rather than the physical 
magnitude of the volume dose in deciding 
when to stop treatment. 

It is possible that the future will hold 
greater promise. In the megavoltage roent- 
gen therapy domain where the depth doses 
often represent multiple values of the sur- 
face dose, the volume dose may acquire 
noteworthy significance. Likewise, in the 
therapeutic application of artificial radio- 
active substances the volume dose may 
prove a convenient indicator of the maxi- 
mum tolerance under well determined cir- 
cumstances. 

T. Leucutia 
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WALTER BRADFORD CANNON 
1871-1945 


R. WALTER BRADFORD CAN- 
NON, an honorary member of the 
American Roentgen Ray Society since 
1913, died on October i, 1945. 

In 1932 the Harvard University Press 
published a small volume entitled “Walter 
Bradford Cannon: Exercises Celebrating 
Twenty-five Years as George Higginson 
Professor of Physiology. October 15, 1931.” 


In addition to the lengthy list of honors, 
publications to date, and a reproduction of 
the portrait accepted for the University by 
President Lowell, this book records the 
tributes paid to Dr. Cannon by Ah^arez, 
Edsall, Lusk, and Howell. In his response. 
Dr. Cannon expressed some ideas which 
have been expanded in "The Way of an 
Investigator,” his autobiography which is 
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obtainable today even in book-stores for 

the laity. ^ 

It was my good fortune to have The 
MechanicalFactors of Digestion,” then only 
two years published, assigned to me in 1913 
to summarize for thestudent seminars which 
Dr. Sutherland Simpson exacted of his fresh- 
man medical students in physiology. It 
was my belief that because of the lead pro- 
tection about the tube employed very early 
in his researches. Cannon had been spared 
the injuries of the other roentgen-ray 
pioneers. In the words of Cannon’s class- 
mate, Percy Brown, “nothing could be 
farther from the truth.” In Science for 
November 9, 19455 Dr. Cecil K. Drinker 
states: “Fifteen years ago. Dr. Cannon 
learned he was afflicted by one of the in- 
exorable lymphomatous diseases, all so 
poorly understood and all so disastrous. 
His illness inevitably ate a little into his 
humor and his irrepressible good spirits, 
but not into his will to work, and only those 
nearest to him could realize a vestige of 
change.” It is certainly not apparent to the 
uninitiated reader of the Harvard 193a 
volume that even as Cannon’s colleague 
Lusk was wishing him continued health to 
carry on his work. Cannon knew that he 
was a victim of lymphoma. 

If in this obituary, coming from one who 
from his first year in medicine on has deeply 
appreciated Cannon’s position as Titan 
among physiologists, little is said of Can- 
non the man and much is said of his last 
illness, it is for a reason. Cannon’s biog- 
raphy is on record in the references cited, 
and his position is such, as the founder of 
the art of gastrointestinal roentgen exam- 
ination, that every radiologist owes it to 
himself and to his work, to own and to read 
Cannon’s autobiography. A further refer- 
ence is offered, to Cannon’s Caldwell Lec- 
ture published in this Journal for Novem- 
ber, 1934, prefaced by the introductory re- 
marks that only Percy Brown can make. 

But there is very little in Cannon’s own 
writings that bears on his roentgen-ray in- 
juries. Probably no one identified with 
medicine ever made more extensive per- 
sonal contributions to the advancement of 


knowledge, to say nothing of the thirty-one 
professors of physiology and allied subjects 
whom he had trained up to 1931. When 
such a life ends under circumstances that in 
themselves advance the knowledge of a 
subject still in the stage of collecting evid- 
ence, Percy Brown and I have come inde- 
pendently to the conclusion that the story 
should be told. This is the sequence of 
events: In the autumn of 1896, Professor 
Henry P. Bowditch suggested to Cannon 
that he might utilize the newly discovered 
roentgen ray to study the process of diges- 
tion in animals. The very beginning of 
gastrointestinal roentgen diagnosis was 
when Cannon fed a bolus of mush mixed 
with bismuth to a goose, and watched its 
progress down the esophagus. (Transit 
time, twelve seconds.) Late in December 
Cannon demonstrated this phenomenon to 
the American Physiological Society, and 
Graham Lusk recalled it thirty-five years 
later, remarking that he told the story of 
the demonstration to every class he taught 
in physiology. 

in the Caldwell Lecture aforementioned, 
Cannon says: “Well do I recall the sage 
advice of Professor Henry P. Bowditch, 
when, in the spring of 1897, I showed him 
an area on my hand from which the skin, 
exposed repeatedly to the strange new rays, 
had come away in successive layers. He re- 
marked that we were employing a quite 
novel agent which might have very danger- 
ous properties and that we ought to be cau- 
tious until we learned more about its na- 
ture. At the time I was an eager first-year 
medical student, not pleased with being 
checked in my purposes. In order to avoid 
further harm I surrounded the tube with a 
metal box, leaving a small aperture at the 
top through which the rays could pass. . . . 
Consequently today [1934] only a few scars 
remain, although during a decade, I often 
sat for hours together watching with the 
fluoroscope the processes of digestion in 
different parts of the alimentary canal.” 

After the tube was enclosed with lead ex- 
cept for a small aperture, Cannon worked 
so long with fluoroscopy that even scattered 
radiation must needs add up. Dr. Merrill C. 
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Sosman has written me as follows: “Dr. 
Cannon had rather severe, very painful x- 
ray burns on the ulnar side of each hand 
and wrist, extending onto the fifth finger, 
obviously acquired while holding the fluoro- 
scopic screen with his hands on edge. These 
required several excisions and skin grafts 
and they bothered him for years, up to the 
time of his death. Not many men knew this 
and he never complained publicly; but I 
thought you should know it. For about 
fifteen years he sulfered intense itching 
from leukemia cutis (mycosis fungoides), 
relieved only by roentgen treatments, and 
his death was eventually due to malignant 
lymphoma, not leukemia as reported in the 
Journal of the American Medical Associa- 
tion, He was one of the most beloved of the 
Harvard faculty, a friend and adviser to 
all of us, and we shall miss him sadly.” 

Percy Brown writes: “Walter suffered 
much injury as a result of his early work. 
I remember well the occurrences of acute 
dermatitis along the inside of each thigh 
(in much of his work his tube-container was 
suspended practically between his legs). 
This was many years ago, but more re- 
cently, in fact but a very few years before 
his death, he underwent an operation for 
the excision of an epitheliomatous lesion of 
his lip, from which he had gotten, appar- 
ently, good surgical results. 

“Walter and I were class-mates, and I 
have followed the course of his life with the 
interest born of devoted friendship. I saw 
him last during the month of July, when 
we were both in the Massachusetts General 
Hospital, I for an amputation, and he for 
an acute exacerbation of leukemia cutis, 
with its intolerable itching, and its purpuric 
manifestations. His suffering for some time 
had been intense, especially since the 
weather was frightfully hot. I was con- 
veyed in my wheel-chair to his room, and 
I marvelled at the degree of his fortitude 
and patience. He remained in the hospital 
a short time after my discharge, and was 
then transferred to his summer home in 
New Hampshire, whence I received letters 
from him. He knew, of course, the inevita- 


ble prognosis of his case, and faced the out- 
come with his characteristic courage.” 

Cannon entered Harvard University 
with one hundred and eighty dollars. He 
earned his way through the University and 
the Medical School, and emerged with an 
earned balance of seven hundred dollars. 
On June 25, 1901, he was married to Miss 
Cornelia James, who as an author is men- 
tioned in her own right in TVho's Who in 
America. This most happy marriage was 
blessed with a son, Bradford, and four 
daughters, Wilma Denio, Linda, Marian, 
and Helen. Cannon found great joy in his 
children. When urged to work a little less 
hard, he took up sculpture, and modeled a 
head of his daughter, which took a blue 
ribbon in an exhibition of phj’-sician-artists. 
Drinker observes, “He was better than a 
good sculptor.” Of all the honors which 
Cannon received, he remarked that none 
ever gave him more satisfaction than the 
“eight inches of blue ribbon” awarded to 
this creation. Certainly he could not have 
been less gratified by A. J. Carlson’s re- 
view of “The Way of an Investigator,” 
which, appearing in The Scientific Monthly 
for October, 1945, he did not live to see in 
print. The italics are Carlson’s: “These 
chapters should be must-i eading for all 
medical students if not all students in sci- 
ence in college and high school. This vol- 
ume is not above the comprehension of lay- 
men, and wide reading of Dr. Cannon’s 
story would broaden the base of real under- 
standing of science in our beloved land.” 

To resume the letter from Percy Brown : 
“Since his death, Cornelia has written me: 
‘Dear Percy, Your sweet letter comforted 
me. It is a strength to feel the friends 
gather dose. Walter, like you, proved to 
be a martyr to the work with the x-rays. 
Two weeks before he died, he gave a very 
fine address before the Shock Committee. 
Then he had a normal week when we both 
felt he was on the road to health, when his 
dread disease overtook him, and after a 
week more or less, of coma, he died peace- 
fully’.” 

Ramsay Spillman 
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MEETINGS OF ROENTGEN SOCIETIES* 


United States of America 

American Roentgen Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annua! meeting: Netherland Plaza 
Hotel, Cincinnati, Ohio, Sept. 17-20, 1946. 

American College of Radiology 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago. 
Section on Radiology, American Medical Association 
Secretary, Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, Ohio. Annual meeting: San Francisco, Calif., July 
1-5, 1946. 

Arkansas Radiological Society 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello. Ark. Meets every three months and also at time 
and place of State Medical Association. 

Radiological Society of North America 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1946, to be announced. 
Radiological Section, Baltimore Medical Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to Mav. 

Section on Radiology,California Medical Association 
Secretary, Dr. Gordon G. King, 2700 California St., San 
Francisco 18, Calif. 

Radiological Section, Connecticut Medical Society 
^cretary. Dr. Max Climan, 24a Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Radiology, Illinois State Medical Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, III. 

Radiological Section, Los Angeles County Medical 
Association 

Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

Radiological Section, Southern Medical Association 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooklyn Roentgen Ray Society 

Leo Harrington, 880 Ocean Ave., Brooklyn, 
N. r . Meets monthly on fourth Tuesday, October to April. 
Buffalo Radiological Society 

Dr. Joseph S. Gian-Francheschi, 610 Niagara 
ot., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Chicago Roentgen Society 
Se^etary, Dr F H. Squire, 1754 W. Congress St., 
v^mcago la, 111 . Meets second Thursday of each month 
October to April inclusive at the Palmer House. 
Cincinnati Radiological Society 
secretary Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, jnclus)ve. 

Cleveland Radiological Society 

-°^5 Adelbert Road, 
Cle\eland 6, Ohio, MeeUngs at 6:30 p.m. on fourth 
fllonday of each month from October to April. 
Dallas-Fort Worth Roentgen Study Club 

^^edical Arts Bldg., Fort 
Md odd months 

at 7:30 PM ^ ^ months, on third Monday, 

Denver Radiological Club 

F-, 1612 Tremont Place, 
Secretaries of Sodetics not here listed are requested to 


Detroit Roentgen Ray and Radium Society 
Secretory, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida Radiological Society 
Secretary, Dr. J, F. Pitman, Blanch Hotel Annex, Lake 
City, Fla. Meetings in May and November. 

Georgia Radiological Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, G a. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

Radiological Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

Illinois Radiological Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, 111 . Meets three times a year. 

Indiana Roentgen Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meets annually second Sunday in May, 

Iowa X-Ray Club 

Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medical Society 
Special meetings by announcement. 

Kentucky Radiological Society 

W. C. Martin, 321 W. Broadway, Louis- 

ville. Meets annually m Louisville on first Saturday in Apr. 

Long Island Radiological Society 

Marcus Wiener, i43o-48th St., Brooklyn, 
N. Y. Meets Kmgs County Med. Soc. Bldg, monthly 
on fourth Thursday, October to May, 8:30 p.m. 

Louisiana Radiological Society 
^cretary. Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

Michigan Association of Roentgenologists 
feretory, E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring! 

h^ii-WAUKEE Roentgen Ray Society 

^3*. C. A, H, Fortier, 231 W, Wisconsin Avp 
Svershy Cfob! 

M^innesota Radiological Society 

^^"Strom, 1218 Medical Arts 
Kdg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 

Nebraska. Radiological Society 

Medical Arts Bldg Omaha 

New Englai^ Roentgen Ray Society 

n Levene, Massachusetts Memorial 

^BosSe5ica?Libi"yl-^^^^ 

New Hampshire Roentgen Ray Society 

•mgsTye’a?' '"eet- 

Radiologic-^ Society of New Jersey 
Secretary, Dr. H. R. Brindle, 501 Grand Ave Asburv Plr 

StateMedical So-’ 

NeT^’o^k rShnToIiet?'"" 

^eret^y Dr. Ramsay Spillman, iir East 6ist St 

North Car^ina Roentgen Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 

send the necessary information to the Editor. 
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nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

North Dakota Radiological Sdcjett 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse A ve., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society 
Secretary, Dr. Henry Snow, lofii Reibold Bldg., Dayton, 
Ohio. Meets_ during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society 
Secretary, Br. L. H. Garland, 4J0 Sutter St., San Fran- 
cisco, Calif. Meets annually, dating meeting of Cali fornla 
Medical Association. 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

Philadelphia Roentgen Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 P.M., in Thomson Hall, College of Physicians, 
21S. 22dSt. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive, 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. Meets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain RadiologicaI; Society 
Secretary Dr.A.M. Popma,2aoN. FirstSt.,Boise,Idaho. 

St. Louis Society of Radiologists 
Secretary, Dr. Edwin C, Ernst, Beaumont Medical Build- 
ing, St, Louis, Mo, Meets fourth Wednesday of each 
month, evcept June, July, August, and September, at a 
place designated by the president 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner, 

San Francisco Radiological Society 
Secretary, Dr. Carlton L. Quid, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:45 p.m., first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months atToland Hall, University of California Hospital. 

Shreveport Radiological Club 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

South Carolina X-Ray Society 

Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

Tennessee Radiological Society 
Secretary, Dr. J. M. Frere, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Radiological Society 

Secretaiy, Dr. R. P. O’Bannon, 6yo Fifth Ave., Fort 
Worth 4, Texas. Next meeting, Dallas, Texas, Monday, 
January 14, 1946. 

University of Michigan Department or Roentgen- 
ology Staff Meeting 

Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University or Wisconsin Radiological Conference 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 p.m.. 
Room 301, Service Memorial Institute. 

Virginia Radiological Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Washington State Radiological Societt 

Secretary, Dr. Thomas Carlile, ins Terry St., Seattle. 
Meets fourth Monday eachmonth, October through May, 
College Club. .Se.Tttle. 

X-ray Study Cldb or San Francisco _ , . 

Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 


Cuba 

Sociedad de RadiologIa y Fisioterapia de Cuba 
Fw/i/ent, Dr. J. Manuel Viamonte, Hospital Mercedes, 
rfabana, Cuba, Meets monthly in Habana. 

British Empire 

British Institute of Radiology Incorporated with 
the Rontgen Society 

Medical Members' meeting held monthly on third Friday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St. 
London, W.i. ' 

Section of Radiology of the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty of Radiologists 

Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. i 
England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St, Sydney, 
New South Wales. 

Radiological Section or the Victorian Branch of the 
British Medical Association 

Secretary, Dr. Keith Hallam, St, George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meefs 
monthly from March to November inclusive. 

Canadian Association of Radiologists 
Secretary, Dr. J. W. McKay, 1620 Cedar Ave., Montreal. 
P. Q.^ 

SociETE Canadienne-Francaise d'Electrologie £T de 
Radiologie Midicales 

Secretary, Dr. Orig&ne Dufresne, 4120 Ontario St,, East 
Montreal, P. Q. 

Section of Radiology, Canadian Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. CoVm Anderson, Invercargill, New Zea- 
land. Meets annually. 

South America 
Sociedad Argentina de Radiologia 

Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

Sociedad Peruana de Radiologia 
Secretary, Dr. Victor Giannoni, Apartado,_ 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociacidn M€dica Peruana 
“Daniel A. Carrion, vilialtti 218, f,iina. 

Continental Europe 

Sociedad Espanola de Radiologia y Elf.ctrolocia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7- Madrid, 
Spain. Meets monthly in Madrid. 

SociETE Suisse de Raoiolocie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language, Dr. Babaiantz, Geneva. 
Secretary for German language, Dr. Max Hopf, Effinger- 
strasse 49, Bern. Meets annually in different cities. 
SoClETATEA RoMANA DE RADIOLOGIE SI ElECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Miradne, 30, 

S. L, Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 
All-Russian Roentgen Ray AssociATto.v, Leningrad: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. _ 

Secretaries, Drs. S, A. Reinberg and S, G. Simonson. 
Meets annually. 

Leningrad Roentgen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gustenn. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow Roentgen Kav Society 
Secretaries, Drs. L, L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 
Scandinavian Roentgen Societies . . 

The Scandinavian roentgen societies have formed a joint 
assodadon called the Northern Assodarion for Medical 
Radiology, roeering every second year in the different 
countries belonging to the Association. 
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WATTS HOSPITAL MEDICAL AND 
SURGICAL SYMPOSIUM 

The Third Annual Watts Hospital Medi- 
cal and Surgical Symposium will be held 
at the Watts Hospital, Durham, North 
Carolina, on Wednesday and Thursday, 
February 13 and 14, 1946. The following 
is the program to be presented: 

Wednesday, February ij, 1^46 

10:30 A.M. W. R. Stanford, M.D., presiding. 

Address of Welcome. Mr. Sample B. 
Forbus, Superintendent, Watts 
Hospital. 

10:35 A.M. Greetings from the Board of Trus- 
tees of Watts Hospital, Mr. George 
Watts Hill, President. 

10:45 A.M. Some Remarks on Postgraduate 
Medicine. W. C. Davison, M.D., 
Dean, Duke University Medical 
School, Durham, N.C. 

11:00 A.M. F. N. Bowles, M.D., presiding. 

Clinico-Pathological Conference. 
William B. Porter, M.D., Professor 
of Medicine, Medical College of Vir- 
ginia, and John S. Howe, M.D., 
Professor of Pathology, Medical 
College of Virginia, Richmond, Va. 

I’.oo p.M. Luncheon, Washington Duke Hotel. 

2:30 p.M. W. W. Vaughan, M.D., presiding. 

Some Hemolytic Processes Includ- 
ing the Rh Factor. Lt. Col. Louis 
Krause, Chief of Medicine, General 
Hospital, Camp Butner, North 
Carolina. 

3:30 p.M. The Treatment of Habitual Abor- 
tion. Norris W. .Vaux, M.D., Pro- 
fessor of Obstetrics, Jefferson Medi- 
cal College, Philadelphia, Pa. 

6:00 p.M. Barbecue Dinner at Watts Hospital, 
compliments of the Hospital Ad- 
ministration. 

8:00 p.M. William M. Coppridge, M.D., pre- 
siding. 

Psychiatry Speaks to Democracy — 
About Mothers and Moms. Edward 
Strecker, Professor of Psychi- 
atry, University of Pennsylvania 
Medical School, Philadelphia, Pa. 

9:00 p.M. Diverticulitis of the Colon. Arthur 
M. Shipley, M.D., Professor of Sur- 


gery, University of Maryland Med- 
ical School, Baltimore, Md. 

Thursday, February 14, / 946 

11:00 A.M. J. B. Bullitt, M.D., presiding. 

Clinico-Pathological Conference. 
Henry B. Mulholland, M.D., Pro- 
fessor of Medicine, University of 
Virginia Medical School, and James 
R. Cash, M.D., Professor of Patho- 
logy, University of Virginia Medical 
School, Charlottesville, Va. 

1:30 p.M. Luncheon, Washington Duke Hotel. 

2:30 p.M. A. H. Powell, M.d., presiding. 

The Relationship of Medical Prac- 
tice to Gerontology. James E. 
Paullin,M.D., Professor ofMedicine, 
Emory University Medical School, 
Atlanta, Ga. 

3:30 p.M. General Features of Periarteritis 
Nodosa, particularly from the 
Standpoint of Diagnosis. Louis 
Hamman, M.D., Associate Profes- 
sor of Medicine, Johns Hopkins 
Medical School, Baltimore, Md. 
6:00 p.M. Dinner, Washington Duke Hotel. 
8:00 p.M. Hunter Sweaney, M.D., presiding. 

The Pathologic Physiology of Bili- 
ary Tract Disease. I. S. Ravdin, 
Professor of Surgery, University of 
Pennsylvania Medical School, Phil- 
adelphia, Pa. 

8:30 p.M. The Roentgenological Aspects of 
Biliary Tract Disease. Eugene P. 
Pendergrass, M.D., Professor of 
Radiology, University of Pennsyl- 
vania Medical School, Philadelphia. 
9:30 p.M. The Surgical Aspects of Gallstone 
Disease. 1 . S. Ravdin, M.D. 

AMERICAN COLLEGE OF 
PHYSICIANS 

The American College of Physicians will 
resume its annual meetings in 1946 and has 
chosen Philadelphia as the meeting place 
and the dates May 13 to 17 inclusive. 
Headquarters will be at the Philadelphia 
Municipal Auditorium, 34th Street below 
Spruce. The meeting will be conducted un- 
der the Presidency of Dr. Ernest E. Irons, 
Chicago, Illinois, and the General Chair- 
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manship of Dr. George M. Piersol, Phila- 
delphia, Pennsylvania. 

BOSTON MEDICAL HISTORY CLUB 

The Boston Medical History Club held 
its third meeting of the season on Monday, 
December lo, 1945, at 8:15 p.m., at the 
Boston Medical Library. The meeting 
commemorated the centennial of the birth 
of Rontgen and the semicentennial of his 
discovery of the roentgen ray. The speaker 
of the evening was Dr. Merrill C. Sosman, 


Clinical Professor of Radiology, Harvard 
Medical School. An exhibition of books was 
arranged by Mr. James F. Ballard, Direc- 
tor, Boston Medical Library. 

TEXAS RADIOLOGICAL SOCIETY 

The annual meeting of the Texas Radio- 
logical Society will be held on Monday, 
January 14, 1946, in Dallas, Texas. All of 
the sessions and the annual banquet on 
Monday evening will be held at the Baker 
Hotel. 
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AN APPARATUS FOR THE UTILIZATION OF 
WEAK RADON TUBES 

By L. CARDENAS, E.E., and J. L. WEATHERWAX, M.A. 

Philadelphia General Hospital 

PHILADELPHIA, PENNSYLVANIA 

T he practice of using radon tubes in per end is tapered and ground to fit over a 
radiation therapy generally results in hollow plug of soda glass which in turn is 
the discarding of those tubes which have sealed to the bottom of a soda glass grease 
decayed to 20 millicuries or less. This is to stopcock. This was done to avoid the use of 
avoid the undue lengthening of the dosage a graded seal since emanation plants are 
time for clinic patients. generally constructed of soft glass tubing. 

In order to utilize these tubes for the Ordinary stopcock grease is used as a lubri- 
preparation of gold seeds, a vacuum appa- 
ratus was developed at the Philadelphia 
General Hospital. This apparatus has been 
in use for approximately a year and a half 
and has given satisfactory service. The sec- 
tion as shown in Figure i can be con- 
structed as a separate unit with a suitable 
evacuating system or can be attached to 
the Failla-Duane emanation plant.^ The 
radon is transferred from the crusher into 
the gold capillary by means of the usual 
Toepler mercury pumping system. 

The idea of crushing weak radon tubes 
is not original with the authors. Dr. G. 

FalHa at Memorial Hospital, New York, in 
1934 devised a special stopcock, for this* 
purpose. Its use was discontinued in 1936’' 
owing to a number of reasons, chief pf 
which was the necessity of glassbibwing and • 
the exposure to which the .technician was 
subjected in turning the stopcock ^3”^ hand.’ 

These difficulties are overcbme-in the sole-'-' 
noid operated crusher used at the Phila- 
delphia General Hospital. , . , ^ cant. It was found that the greased stopcock 

The crusher tube shown on the right of functions without excessive gassing due to 
Figure I IS made of a thick-walled pyrex the shortness of contact time with the 
tube to insure mechanical strength. The radon. Inside the pyrex cylinder and resting 
bottom of this tube is rounded and the up- on the bottom is a small solid brass plug. 
Faiiia, G. u. s. Patents 1,553,794; 1,609,614. Tile lowet end of this plug is rounded and 

lOI 
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the upper end is flat and recessed to hold a 
small vertical spring. A solid brass cylinder 
having a flat upper surface rests on the 
spring. This serves as the “anvil” of the 
crusher. The plunger is a hollow soft iron 
cylinder. Its upper end is countersunk to a 
60 degree angle and the bottom turned 
down or reduced in cross section as shown. 


Figure 2 illustrates the manner in which 
the solenoid crusher Cb is appended to the 
Failla-Duane emanation plant. Also shown 
in this figure is a degassing chamber C4 used 
by us in an experimental investigation. 

The procedure is to admit air into stop- 
cock T) and hence also into the crusher. The 
plug of the greased stopcock is removed and 



Fig. 2. Radium emanation plant, Philadelphia General Hospital; Failla-Duane type. 


The lower portion of the crusher tube is en- 
closed in a concentric lead cylinder (not 
shown in the figure). This shield has a hole 
bored through it transversely and is illumi- 
nated from the rear. Thus the crushing of 
the tubes may be viewed without exposing 
the technician to radiation. Above the 
shield and also concentric with the crusher 
tube rests an electromagnetic coil. The en- 
tire assembly is clamped to the frame of 
the radon extraction apparatus to provide 
rigid support. 


a glass funnel inserted in its place. The glass 
tubes which contain radon are removed 
from their filtration jackets and are placed 
in ether to remove any adherent paraffin. 
When they are clean and dry they are 
dropped through the funnel, the neck of 
which extends deep into the crusher. The 
tubes then come to rest within the hollow 
soft iron plunger. The funnel is removed 
and the plug of the greased stopcock in- 
serted, and rotated to assure a good seal. 
The stopcock D and the crusher are then 
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evacuated. When a vacuum has been ob- 
tained the remainder of the system is iso- 
lated from stopcock D and the crusher. The 
solenoid is energized by an electrical cur- 
rent and the tubes fall through the hollow 
soft iron plunger and come to rest in an ob- 
lique position on the “anvil” as indicated 
in the sketch. By energizing and de- 
energizing the solenoid two or three times 
the plunger crushes the tubes to powder 
liberating the radon. Due to the high 
atomic weight of the radon and the small 
bore of the greased stopcock a little time 
should be allowed for the diffusion of the 
radon into the bulb of the radon apparatus 
directly below stopcock D. At the Phila- 
delphia General Hospital it has been found 
that a single “stroke” will transfer 65 to 70 
per cent of the radon into the gold capillary 
or into the glass capillary. A higher per- 
centage of transfer is secured by taking a 
greater number of “strokes.” 

It may be found, possibly due to slight 
gassing of the grease or the presence of 
moisture or both, that the application of 


one-half atmosphere of pressure will be in- 
sufficient to move the mercury up to the 
beginning of the gold tubing. However, by 
closing stopcock D and applying heat to the 
glass tube by means of a tiny gas flame the 
expansion of the mercury can be controlled 
so as to force the radon into the gold capil- 
lary. 

SUMMARY 

Gold seeds may be made as frequently as 
is desired using this apparatus without dis- 
turbing the radon supply. Furthermore the 
accuracy with which the proper percentage 
of radon can be pumped into gold seeds is 
increased so that it is possible to make even 
a small number of seeds with little error. 

Since the millicurie strength of the tubes 
to be crushed is accurately known and since 
the percentage of radon transferred can be 
precisely determined, a collection of a small 
number of seeds can be made with a high 
degree of accuracy. 

Philadelphia General Hospital 
Philadelphia 4, Penna. 
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ROENTGEN DIAGNOSIS 

HEAD 

Hartley, J. Blair, and Burnett, C. W. F. 
New light on the origin of craniolacunia. Brit, 
y. Radiol., April, 1944, //, 110-114. 

The different theories in regard to the causa- 
tion of craniolacunia are discussed and a case 
reported which seems to have a bearing on the 
subject. A child with hydrocephalus was de- 
livered by paracentesis of the skull. There were 
marked lacunar changes in the anterior halves 
of the frontal bones at the center while the pe- 
riphery and the posterior halves were normal. 
There was only slight abnormality in the pari- 
etal bones, which disposes of the parietal arch 
theory of causation. The distal portion of the 
squamous occipital bone derived from mem- 
brane was strikingly expanded, while the prox- 
imal segment, derived from cartilage was 
stunted. These findings suggest that the etio- 
logical factor was active only during the early 
months of ossification. It is evident that a pres- 
sure effect could not have produced this local- 
ized craniolacunia as hydrocephalus would 
exercise pressure equally in all directions and 
throughout pregnancy. An argument against 
the chromosomal theory of origin is furnished 
by the fact that craniolacunia tends to disap- 
pear with age, while chromosomal changes are 
never repaired. The authors conclude that this 
case of localized craniolacunia was caused by 
some dietetic defect during the earlier months 
of pregnancy that was remedied during the later 
months. Bone formed from membrane is par- 
ticularly apt to be affected by such dietetic de- 
fects while bone from cartilage remains healthy. 
Corroborative evidence furnished by a case of 
fetus papyraceous is cited by the authors. — 
Audrey G. Morgan. 


Hartley, J. Blair, and Burnett, C. W. F 

Enquiry into the causation and characteris- 
tics of cephalhaematomata. Brit. y. Radiol., 

Feb., 1944, 17, 33-41. 

Very little attention has been paid in the 
roentgen literature to the diagnosis of cephal- 
hematoma, though it is of considerable impor- 
tance and these cases must be differentiated 
from craniolacunia and craniofenestria. The 
authors described 5 cases and give roentgeno- 
grams of them with roentgenograms of cases of 
craniolacunia and craniofenestria for purposes 
of comparison. 

One factor in the causation of these cephal- 
hernatomas is birth pressure but such pressure 
acting on normal bones would not cause them, 
or they would be much more frequent. It is 
probable that the bone underlying the tumor 
is incompletely ossified. This theory is borne 
out by the fact that the majority of these cases 
occur in the children of primiparas in whom 
the head engages a month before birth. The tu- 
mor probably does not result from a single 
hemorrhage but from a series of small repeated 
hemorrhages. It is also probable that the fall in 
the prothrombin level in newborn infants is a 
factor in their causation. To detect their pres- 
ence careful roentgen studies should be made 
before, during and after labor; examination of 
the blood of mothers and infants and detailed 
records of the appearance and behavior of in- 
fants at birth are also important. In treatment 
the author recommends the giving of a sinele 
dose of 10 mg. of vitamin K Analogue %. 
methyl-i:4 naphthoquinone) as soon as the 
lesion IS discovered, as this dose prevents any 
appreciable fall m prothrombin concentration. 
— Audrey G. Morgan. 
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Tinney, William S., and Moersch, Herman 
J. Intracranial metastasis of carcinoma of the 
Jung. Arch. Otolaryng., IVIarch, 1944, jp, H 3 ~ 
244. 

Because of the lack of specificity of pulmon- 
ary symptoms and occasional absence of any 
symptoms referable to the thorax, the diagno- 
sis of carcinoma of the bronchus not infre- 
quently is extremely difficult. In some instances 
the problem is further complicated by early 
metastasis to the central nervous system, as 
exemplified by involvement of the nervous sys- 
tem in 52, or 12 per cent, of the 448 cases of 
proved carcinoma of the lung. The most inter- 
esting cases were the 19, or 4 per cent, in which 
the initial symptoms were referable to the 
nervous system. In 9 of these cases a pulmonary 
lesion was not suspected until a routine roent- 
genogram of the thorax was obtained. For this 
reason the authors wish to stress the importance 
of careful physical examination, including 
routine roentgenographic examination of the 
thorax, in every case in which an intracranial or 
intraspinal lesion is suspected. 

It is often difficult and at times impossible to 
distinguish a metastatic lesion from a primary 
tumor of the brain or the spinal cord. The clini- 
cal manifestations in most of the patients sug- 
gested characteristically wide dissemination 
and rapid progression of the lesions and in- 
cluded a rather high incidence of personality 
changes. However, these clinical findings alone 
were not sufficiently characteristic in any case 
to be of much assistance in the differential diag- 
nosis. The authors also wish to emphasize that 
in their series of cases the type of carcinoma of 
the lung was not a factor in the incidence of 
metastasis to the nervous system . — Mary 
Frances Vastine. 

Bromley, J. F., Wright, W. D., and Spiegler, 
G. The eye and radiology; symposium. 
Brit. J. Radiol..^ March, 1944, 17 ■> 65-69. 

Bromley discusses the physiology of the eye, 
comparing it to a photographic camera. The 
physicists use the foot candle ns the unit of in- 
tensity at any given point and an alternative 
to this is the lumen; i foot candle = i lumen per 
square foot. The unit of brightness is the 1 am- 
bert which is the average brightness of a sur- 
face which emits or reflects i lumen per square 
centimeter. The brightness of emission of a 
fluorescent screen lies between the limits of 0.01 
mililambert for thin persons and 0.001 mili- 
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lambert for thick patients or small fluoroscopic 
areas and therefore the amount of illumination 
of the screen is quite low and comes within pure 
rod function. The rods are distributed periph- 
erally around the fovea centralis, 10 to 15 de- 
grees away from it. Therefore to see clearly in 
a dim light the observer must look not directly 
at the object but 10 to 15 degrees away from it. 
The rods become tired very quickly so the ob- 
server should not look steadily at the object 
but allow his eyes to pass from one side of the 
object to the other, resting only for a second or 
two on points of special interest. This method of 
looking to one side of the object and using the 
“scanning” technique is important in training 
the night vision of pilots. Two other factors 
that affect visual acuity at night are good gen- 
eral condition and a sufficient oxygen supply. A 
sufficient amount of vitamin A is also necessary 
as lack of it causes deficiency of visual purple. 
Pilocarpine hastens the regeneration of visual 
purple after it has been bleached by bright light. 
Nicotine has a bad effect on rod vision. Alcohol 
does not affect the rods directly but depresses 
the higher interpretative centers. 

Wright discusses the limitations of the eye 
and their effect on the interpretation of the 
fluoroscopic image. It is possible that brighter 
pictures may be obtained by the application of 
television principles to fluoroscopy. This would 
involve greater complexity and expense than 
the present method but the gain in brightness 
would probably justify it. 

Spiegler discusses the roentgenogram from 
the physical viewpoint as a pattern of contrasts 
and shows by illustrations how the mind may 
lead to misinterpretation on the part of the eye. 
An improved system of interpretation will have 
to take into account the influence of stray 
radiation on contrast and definition to a greater 
degree than has been done in the past. An il- 
lustration is given showing the difference in 
opacity of the image of two pieces of lead, one 
placed on the front, the other on the back of 
the patient. The greater opacity of the image on 
the back is due to the fact that more scattered 
radiation reached this piece of lead. 

The eye responds to different types of blur- 
ring (from movement, size of focal spot and 
graininess of screen) in different ways. The 
analysis of pictures of unknown non-medical 
objects is recommended as a useful way of 
training the mind in the reading of roentgeno- 
grams without being influenced by anticipations 
or prejudices . — Audrey G. Morgan. 
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McLaren, John W. Bone degeneration of the 
temporo-mandibular joint. Brit. J. Radiol.^ 
March, T944, 17, 94-95- 

Three types of bone degeneration may be 
demonstrated by roentgen examination of the 
temporomandibular joint: (i) erosion of the 
anterior and upper aspect of the affected con- 
dyle; (2.) narrowing of the joint space with blur- 
ring of the bone outlines, indicating arthritic 
changes; (3) greater forward movement of the 
eminence of the condyle on the involved side 
than on the normal side. 

Roentgenograms are given of a case in a man 
of thirty-nine who had complained of pain over 
the left mandibular joint and slight limitation 
of movement. Roentgen examination showed a 
circular area of degeneration on the superior 
aspect of the condyle of the jaw. Operation 
showed an area of degeneration just beneath the 
joint surface; the space was filled with a mucoid 
fluid. After the removal of this part of the con- 
dyle the patient had no further symptoms. 

The condition is probably caused by trauma. 
This patient had been a sparring partner for 
fifteen years and had had repeated blows on 
the chin, but no serious injury at any time. — 
Audrey G. Morgan. 

WiNDEVER, B. W. Malignant tumours of the 
upper jaw. Brit. J. Radiol., Jan., 1944, //, 
18-24. 

Malignant tumors of the upper jaw are 
usually not diagnosed until late after the wall of 
the antrum has broken down. Valuable time is 
often lost in the extraction of teeth or treatment 
for sinusitis. The methods of diagnosis are in- 
spection and palpation to detect swelling, 
softening or ulceration. Rhinoscopy may show a 
tumor bulging into the nose but may show only 
simple polypi. If polypi are small and multiple 
and bleed easily and if they occur in a patient 
past forty they suggest malignancy. Epithe- 
liomata of the palate are often really tumors of 
the antrum. Transillumination may show opac- 
ity at the site of the disease. Roentgenography 
is of the greatest value in showing dullness of 
the antrum, the site and extent of destruction of 
the wall of the antrum and often also the out- 
line of the tumor. It shows the extent of in- 
volvement of the ethmoids and other sinuses 
and extension to the base of the skull if it has 
occurred. Biopsy is of value in determining 
prognosis and methods of treatment. It must 
be taken from the deeper tissues and explora- 


tory operation is generally necessary. To avoid 
increased risk of metastasis from trauma it 
should be performed with the diathermy elec- 
trode and the area thoroughly coagulated. 

A combination of surgery and radiotherapy 
has proved more valuable in the treatment of 
these tumors than either alone. The author dis- 
cusses a series of 1 53 cases treated by the com- 
bined method and gives roentgenograms of 
cases and diagrams of the method of applying 
radium to the antrum. Distribution of dosage 
is not easy to calculate because of the peculiari- 
ties in the shape of the antrum. In intracavit- 
ary radium treatment each case must be con- 
sidered individually. External irradiation is first 
given to the whole of the affected region after 
the extent of the tumor has been determined. 
Both the 4 gm. teleradium unit and roentgen 
rays with a half-value layer of 2 mm. copper 
have been used for this purpose. Homogeneous 
distribution of the radiation is obtained more 
easily with roentgen rays and the daily sessions 
are shorter and therefore less troublesome for 
the patient. A tumor dose of from 4,500 to 
5,500 r is given over a period of four to six 
weeks, and drainage of the antrum provided 
for if this has not already been done by explora- 
tory operation. When the reaction from this 
treatment has subsided operation is performed. 
Later steps depend on the condition found at 
operation. 

Among the 153 cases 120 were treated; the 
other 23, or 15 per cent, were considered too ad- 
vanced or the patients refused treatment. The 
five year results are known only in the cases 
treated before 1937. Up to 1935, 69 cases were 
treated and 18 were symptom-free at the end of 
five years. In 1936 and 1937 ^3 cases were 
treated, 5 remaining free of symptons for three 
years and 4 for five years. From 1936 to 1939 
30 cases were treated and of these 11 were free 
of symptoms after three years. These figures 
show a marked improvement, although all the 
cases seen during this period were treated Of 
the 9 cases of sarcoma treated before 1937 only 
I remained free of symptoms for five years.-- 
Audrey G. Morgan. 

Thompson, Charles M., and Grimes, Elmer 

L. Carcinoma of the nasopharynx, ^m. J. M. 

oc., March, 1944, 207, 342-348. 

This paper was written to call attention to 
the clinical syndrome that characterizes car- 
cinoma of the nasopharynx. It is believed that 
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a lack of knowledge of this symptom complex 
has undoubtedly been a factor in the poor con- 
trol of this highly malignant disease. Every 
review in the literature presents an equally dis- 
couraging percentage of cures. Many authors 
stress the element of late diagnosis as one of the 
reasons for this low percentage. The following 
features are associated with this disease: 

(1) Cervical adenopathy. Various series 
taken from the literature show that this occurs 
in from 27.5 to 77 per cent of he cases. 

(2) Nasorespiratory symptoms, as evidenced 
by nasal obstruction, discharge or epistaxis is 
reported in 30 per cent of the cases. 

(3) Neurological symptoms. Paralysis of 
one or more cranial nerves, the most frequently 
involved cranial nerves are v, vi, ix, resulting in 
facial pain, diplopia and dysphagia, respec- 
tively. These findings plus headaches are ex- 
plained by direct extension of the tumor into 
the middle fossa of the skull. Roentgenograms 
of the base of the skull show a typical melted- 
out appearance of the sphenoid and the petrous 
portion of the temporal bone. Due to involve- 
ment of the cervical sympathetic chain, a 
Horner’s syndrome may develop. 

(4) Ear symptoms. As most of the tumors 
arise in or near the fossa of Rosenmuller, a num- 
ber of auricular manifestations may be expected 
as early complaints. Tinnitus and a sensation of 
stuffiness are the other leading complaints. 

(5) Duration of symptoms. It was claimed 
by Furstenburg that the average duration of 
symptoms before diagnosis was fifteen months. 

Once the diagnosis is proved, irradiation to 
the limit of the skin and physical tolerance is the 
only accepted method of treatment. The gen- 
eral opinion is that surgery is not indicated in 
the treatment of these tumors. 

Schmincke pointed out that these tumors 
arose in a lympho-epithelial region where norm- 
ally considerable lymphoid tissue abounds and 
that they were simply anaplastic carcinomas 
arising from the nasopharyngeal mucosa with 
many lymphocytes mixed in coincidentally. 
They are not malignant lymphomata. 

It is pointed out that profoundly ill patients 
can be dramatically relieved temporarily by ir- 
radiation. In several of the authors’ cases, the 
patients were rendered symptom free for weeks 
or months with complete clinical regression of 
the primary and also the cervical node enlarge- 
ment. Subsequent recurrence of the wrnor or 
metastases has been found to be radioresistant. 
Therefore, once the diagnosis has been estab- 


lished, all patients should be treated to the limit 
of skin and physical tolerance even though clin- 
ically one can no longer find disease— Jaffies 7 . 
McCort. 

NECK AND CHEST 

Payne, Reginald T., Tod, Margaret C., 
and Lederman, M. Diagnosis, classification 
and treatment of tumours of the salivary 
glands; symposium. Bril. J. Radiol, Jan., 
1944^ -^7, 3-12. 

In any large series of tumors those of the 
salivary glands constitute only i to 2 per cent. 
They are of great interest, however, as it is very 
difficult to determine whether they are benign 
or malignant. Deep roentgen treatment is now 
used as an aid in differential diagnosis as well 
as in treatment. A classification of the benign 
and malignant forms is given and congenital 
hypertrophies are also included although they 
are not tumors, strictly speaking. Recurrence 
may take place many years after operation and 
a patient can hardly be considered free from 
the danger of recurrence as long as he lives. 

A combination of irradiation and surgery 
has been found more effective than either alone. 
A high percentage of five year recoveries can 
be brought about in this way but, as mentioned 
above, a five year recovery is not so decisive as 
in tumors in other locations. Lymphosarcomas 
are quite radiosensitive. The mixed tumors of 
the parotid which are the most frequent form 
are less so. The best method of treatment for 
these is surgery followed by implantation of 
radium needles. The volume of tissue irradiated 
plays a part in the results, and the smaller the 
volume the greater the tolerance. That is why 
the tumor should be removed surgically before 
irradiation, which should be given in a single 
course within a month of operation. The in- 
cidence of recurrence also seems to be reduced 
when surgery is combined with irradiation. The 
technique and dosage of irradiation, which must 
be adapted to the individual case, are discussed. 
When surgery is impossible or contraindicated 
radiotherapy with radium or roentgen rays 
gives good results in some cases . — Audrey G. 
Morgan. 

Johnstone, A. S. Salivary calculus or tartar. 
Brit. y. Radiol, Jan., 1944, //, 31-32- 

Some confusion has arisen from the different 
meaning attached to the word salivarj' calculus 
by physicians and dentists. A salivary calculus 
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is really a concretion in one of the salivary 
glands or its ducts while the name tartar should 
be applied to surface deposits on the teeth. 
These may reach large size and resemble tu- 
mors. A case is described in a woman of fifty- 
eight who showed the changes of hypertrophic 
osteoarthritis. She also had a swelling of the 
right cheek which had been increasing in size 
for twenty years. An intra-oral occlusal roent- 
genogram showed a bone tumor apparently 
originating from the alveolar margin of the 
right maxilla. Only three teeth, the fourth, 
fifth and sixth, remained in the right maxilla 
and these were surrounded by the dense radi- 
opaque deposit. It was removed with the three 
teeth which had become loosened by absorp- 
tion of the alveolus. There was no evidence of 
invasion. The growth was diagnosed as a “sali- 
vary calculus” and removed, but without any 
improvement in the osteoarthritis. It was really 
an enormous deposit of tartar . — Audrey G. 
Morgan. 

Bersack, S. R. Carcinoma of the esophagus in 
association with achalasia of the cardia. 
Radiology, March, 1944, 42, 220-223. 

Achalasia means a failure of the sphincter of 
the esophagus at the cardia to relax. It results 
in an accumulation of saliva and food over long 
periods of time that is irritating and theoreti- 
cally might be supposed to bring about the de- 
velopment of carcinoma. Rake in fact reported 
an incidence of 20 per cent carcinoma in 15 
cases of achalasia and Gottstein an incidence 
of 10 per cent in 33 cases. 

But among 227 patients with carcinoma of 
the esophagus admitted to the Edward Hines 
Hospital, Hines, 111 ., the carcinoma was associ- 
ated with achalasia in only 1 case. The history of 
this case is given. This low incidence of car- 
cinoma associated with achalasia is all the more 
noteworthy because shallow ulcerations, nests 
of epithelial hyperplasia and wart-like forma- 
tions have been seen repeatedly in achalasia. 
Frequently small irregularities and filling de- 
fects are seen in the dilated esophagus but they 
may be caused by retained secretion and food 
particles. Roentgen examination of the esoph- 
agus should not be made until after the re- 
tained contents of the esophagus have been 
evacuated. 

In order to show definitely any relationship 
between achalasia and carcinoma of the esoph- 
agus it would be necessary to prove statis- 
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tically that carcinoma is decidedly more fre- 
quent in cases of achalasia than in the general 
population of the same age group. No such 
statistics are available— in fact, there are no 
comprehensive statistics for achalasia. This 
group of cases would seem to argue against any 
connection between the two conditions. — 
Audrey G. Morgan. 

Schwartz, Leo. Adenoma of the trachea and 
the bronchus. Arch. Otolaryng., March, 1944, 
39, 231-242, 

Statistics disclose that there is actually a pre- 
dilection of primary tumors for the lungs and 
bronchi and that 12 to 15 per cent of all cancers 
originate in them. In the light of recent knowl- 
edge it is found that 5 to 10 per cent of all pri- 
mary endobronchial tumors are benign. 

Histological Origin of Frimary Endobronchial 
Tumors. The adenomas probably arise from the 
gland cells or from the cells of the gland ducts. 
Originating as they do in the submucosa, they 
lift the mucosa over their surface as they grow; 
therefore, the mucosa presents itself to the 
endoscopist’s eye as the smooth glistening 
surface of the tumor. As the tumor grows and 
the lumen of the trachea or bronchus becomes 
partially or totally filled with the mass, mold- 
ing and encasing pressure is exerted on it by the 
rigid bronchial or tracheal cartilaginous frame, 
imparting to the tumor a rounded and elongated 
form. 

The author wonders whether this growth in 
the female might not be distinct from that 
occurring in the male and, in fact, arise from 
primordial gonadal cell rests. The recurring 
hemoptyses that are frequently concurrent 
with the menses, as well as the fact that these 
patients frequently give a history of pulmonary 
bouts beginning at the menarchal period, seem 
to support this conjecture. 

- Tumor Growth and Extension. Three types 
are described: (i) pedunculated type which, as 
a rule, grows entirely within the lumen; (2) 
intramural type which presents a flat base and 
grows between the cartilaginous rings; (3) 
endoextrabronchial or dumbell type in which a 
constriction takes place at the bronchial wall. 
The smaller portions present endobronchially 
and the large, extrabronchially. 

Symptoms and Physical Signs. Adenoma 
presents no findings which are peculiar to itself. 
The findings are those characteristic of bron- 
chial obstruction and depend on the location 
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of the tumor, the type of obstruction produced, 
the amount of tributary alveolar tissue ob- 
structed and other factors, such as the type and 
the virulence of secondary infection. 

Roentgenologic Manifestations of Bronchial 
Obstructions. These depend on the type of 
obstruction produced: (i) Stop valve obstruc- 
tion — the bronchus is corked and the roent- 
genologic findings are those of atelectasis, (a) 
By-pass valve obstruction — air can pass in and 
out of the lung but only in limited amounts. 
The asthmatoid wheeze can be heard at the 
open mouth. (3) Check valve obstruction — the 
occluding body interferes with either the in- 
spiratory or the expiratory phase of respiration 
leaving the other phase unimpaired. The 
roentgenologic findings can therefore be either 
those of atelectasis or emphysema. 

Differential Diagnosis. The lesion with which 
bronchial adenoma is most frequently con- 
fused is bronchogenic carcinoma. Adenoma is 
overwhelmingly a disease of young women. 
Carcinoma is preponderantly a disease of old 
men. Most cases of adenoma in women occur 
during the years of fertility. There is some 
evidence that adenoma at times undergoes 
cancerous transition. Hemoptyses occurring 
with adenoma are inclined to be much more 
profuse than those with carcinoma and are 
frequently encountered during the menstrual 
period. 

Treatment. The tumors that arise from stalk- 
like bases and have neither mural nor extra- 
bronchial extensions can be entirely cured by 
bronchoscopic means. Those tumors which 
show mural and extramural extension and all 
cases complicated with irreparable pulmonary 
damage as a result of prolonged obstruction 
demand surgical intervention. — Mary Frances 
Vastine. 

Shinall, Harold L. Roentgen diagnosis of 

bronchiogenic carcinoma. Radiology, March, 

1944,4^2,213-219. 

About 15,000 persons die in the United 
States every year of bronchiogenic carcinoma. 
The diagnosis is very difficult, neither clinical 
nor roentgen signs alone being sufficiently 
definite to establish it. But with careful clinical 
examination and absolutely accurate roentgen 
technique diagnosis can be made in a maximum 
of 87 per cent of the cases from a combination 
of these findings. 

The authors discuss 40 cases seen at the St. 
Louis City Hospital in the past five years in 
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which both roentgen and clinical examination 
was made. Among these the clinical examina- 
tion was sufficient for diagnosis in only 6 cases, 
or 15 per cent, while diagnosis was made from 
both clinical and roentgen signs in 16, or 45 
per cent. 

There are three types of bronchiogenic 
carcinoma — those arising from the lining 
epithelium, those arising from the mucous 
glands of the submucosa and those arising from 
the pulmonary alveoli. Only 1 case suggesting 
the possibility of an alveolar origin was seen. 
Roentgenograms of the different types of cases 
in different areas of the lung are given. 

The clinical features which aid in diagnosis 
are the age of the patient which is usually over 
forty years, the average in these cases being 
fifty eight years; the duration of the illness, 
three months or more; the cough usually dry 
and non-productive or there may be none at 
all; expectoration of blood at some time during 
the illness; loss of weight usually out of propor- 
tion to the lung involvement. There is no fever 
or other signs of infection unless secondary 
infection takes place. The chief roentgen sign 
is a unilateral, rounded nodular shadow, usually 
in the hilar region. 

Farinas holds that when a chest roentgeno- 
gram shows an expiratory emphysema, an 
atelectatic zone in any field, or a dense shadow 
in the hilar region serial bronchography is in- 
dicated for the detection of bronchiogenic 
carcinoma. — Audrey G. Morgan. 

Weinstein, Mandel, and Tyau, Steven, In- 

trabronchial spread following thoracoplasty. 

Am. Rev. Tuberc., March, 1944, 49, 238-250. 

Since the advent of surgical collapse of 
pulmonary tuberculosis, postoperative tuber- 
culous spread has been a serious complication. 
Aspiration of infectious bronchial secretions 
during and following operation is the prime 
factor concerned. In the hours immediately 
following operation, cough, expectoration, and 
respiratory, ciliary, and peristaltic movements 
of the bronchi are abolished or diminished. This 
encourages bronchial stasis, plugging of bron- 
chopulmonary segments, and atelectasis. As 
might be expected, the patients with more ex- 
tensive disease and more cavitary exudate are 
more prone to postoperative spread. 

Nineteen postoperative spreads in 14 pa- 
tients are reported by the authors. This tuber- 
culous extension represents an operative in- 
cidence of approximately 10 per cent — 198 
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thoracoplasties having been performed in the 
period represented by this report. Negroes 
develop spread twice as frequently as whites; 
moreover, 4 deaths, all Negroes, resulted from 
the spreads— a mortality of a per cent. Tuber- 
culous spreads involve twice as many contra- 
lateral as homolateral lungs while bilateral 
extension occurred only in 4 cases. All patients 
with mild spreads recovered; as might be 
anticipated the severe spreads accounted for 
all postoperative fatalities. 

No single or multiple procedures can always 
prevent tuberculous spreads, but maintaining 
the tracheobronchial tree free from much 
secretion will help by preserving open airways 
and precluding the movement of infected 
tuberculous exudate throughout the respira- 
tory system . — "JoJm R. Hat2}2an. 

Hamilton, Joseph G., Soley, Mayo H., 
Reilly, William A., and Eichorn, Karl B. 
Radioactive iodine studies in childhood 
hypothyroidism. /£?«. J. Dis. Child., Nov., 
W43, 66, 495-501. 

The authors employed labeled (radioactive) 
iodine to determine the ability of the thyroids 
in two groups of hypothyroid children to con- 
centrate iodine. 

They summarize their study as follows: 

“The thyroids of children with hypothy- 
roidism and without goiters are able to con- 
centrate only small amounts of orally ad- 
ministered iodine, as compared with the 
thyroids of normal children or adults. In these 
hypothyroid children, the remaining thyroid 
tissue concentrated a larger percentage of a 
dose of o.i microgram than of a dose of 14 mg. 
of iodine. 

“The thyroids of two children with goiters 
and with severe hypothyroidism took up 
relatively large amounts of iodine and by 
chemical analysis contained both thyroxin and 
diiodotyrosine in considerable quantities. The 
uptake curves of the thyroids as measured in 
situ were similar to those seen in hyperthyroid- 
ism in adults. Radioautographs made from sec- 
tions of the thyroids of both of these children 
indicate that by the fifth day after the oral 
administration more of the iodine was in the 
cells than in the colloid.” — R. S. B2'0222er. 

Gellis, Sydney S., and Peters, Michael. 

hlumps with pre-sternal edema. Bull. Joh22s 

Hopkws Hosp., Oct., 1944, 75, 241-250. 

The authors report an incidence of presternal 
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edema complicating epidemic parotitis in 6 per 
cent of 50a patients at the Station Hospital, 
Fort Benning, Georgia. The condition appears 
to be of no particular consequence since only 5 
patients developed symptoms coincident with 
the edema — 2 had dysphagia for twenty-four 
hours, I had hoarseness and 2 were tender to 
palpation over the sternum. All patients having 
this complication were afebrile at the time of 
onset except those who already had orchitis. 
The incidence of orchitis in the 30 cases of 
edema was no greater than in the remaining 
472 cases. Roentgen studies showed no demon- 
strable intrathoracic changes, though the 
thickening of the presternal tissues was seen in 
the lateral roentgenograms. The edema is 
central, the shape of a necklace, obliterates 
the sternal notch and is variable in extent. In 
their cases it developed between the third and 
twelfth days of illness and lasted from two to 
eighteen days. They consider it due to ob- 
struction of lymphatics by swollen salivary 
glands . — Angus K. Wilson. 

Hurst, Allan, Bassin, Sydney, and Levine, 
Ida. Miliary densities associated with mitral 
stenosis. A2n. Rev. Tubei-c., March, 1944, 49, 
2y6-28$. 

Miliary densities associated with rheumatic 
mitral stenosis have received little attention in 
the medical literature. Recent textbooks of 
roentgenology state that this finding is en- 
countered occasionally in cardiac congestion, 
particularly secondary to mitral stenosis, but 
failed to stress the not infrequent permanency 
of the pulmonary changes. 

The authors present 5 cases of bilateral, 
symmetrical, diffuse, miliary, and submiliary 
densities associated with mitral stenosis — cases 
selected as representative of most of the patho- 
logical changes occurring in this condition. The 
5 young men were practically asymptomatic 
and without auscultatory pulmonary signs 
when a chance roentgenogram disclosed the 
abnormal densities. These densities are ascribed 
to passive pulmonary congestion with hyper- 
tension of the lesser circuit. The vessels dilate, 
become engorged, and finally hypertrophy. 
When seen on end, these vessels are revealed as 
rounded densities and on horizontal section are 
linear. In addition, some larger, denser nodules 
are seen at the periphery of the lower lung fields 
in several cases. These are attributed to peri- 
vascular fibrosis with deposition of hemosiderin 
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pigment from extravasation of blood. Occasion- 
ally, numerous calcific densities (thought to be 
due to breakdown and subsequent healing of 
multiple, small, stasis infarcts attendant upon 
severe passive congestion) are scattered 
throughout the lung fields. 

In spite of the obvious cardiac condition, 
these densities are frequently imputed to and 
must be differentiated from the pulmonary 
lesions of sarcoid, miliary tuberculosis, pneumo- 
coniosis and lymphangitic carcinomatosis. — 
John R. Hannan. 

Baer, Ridgely W., Taussig, Helen B., and 
Oppenheimer, Ella H. Congenital aneurys- 
mal dilatation of the aorta associated with 
arachnodactyly. Bull. Johns Hopkins Hosp., 
June, 1943, 72. 309-33 1 - 

The authors report a cases in which they 
found extraordinary aneurysmal dilatation of 
the ascending aorta in association with arach- 
nodactyly. They recognize the report of Ellis 
that approximately one-third of patients having 
arachnodactyly also have congenital malforma- 
tions of the heart, and refer to their own pre- 
vious report of interauricular septal defects, 
but the condition found in these 1 cases was 
unique in their experience. In addition to 
several non-contributory congenital defects 
(ectopia lentis, deformities of spine, and, in 
Case I, of the thoracic cage), they found dilata- 
tion of the ascending aorta and cardiac en- 
largement. Roentgen examination by films and 
barium suspension failed to give any indication 
of the aortic enlargement. The first patient died 
when fourteen years of age, after developing 
auricular fibrillation, and the second patient 
died suddenly at the age of twenty-six years, 
after angina-like attacks of precordial pain. 

The autopsy findings in both patients were 
remarkably alike. The enlargement of the 
ascending aorta was found to be due to changes 
affecting the elastica and muscular com- 
ponents. In some places the elastic fibers were 
frayed, in others condensed and in still others 
were totally absent. The muscle bundles, 
instead of the normal parallel distributions were 
irregularly branched, rarefied and between the 
branches there were large cystic spaces filled 
with a blue-staining coagulum. The medium 
was still further distorted by numerous ir- 
regular blood channels. There were small foci 
of lymphocytes in the adventitia but the 
authors felt they were not indicative of in- 


flammatory process. There was no cellular 
exudate in the medium, nor was there any 
evidence of necrosis or degeneration. 

After discussing Erdheim’s “medial necrosis 
idiopathica cystica,” which is considered due to 
necrosis and senile degeneration they conclude 
that in their cases the aneurysmal dilatation 
of the ascending aorta is a congenital anomaly 
due to abnormal development of the elastic and 
muscular layers. The cystic spaces filled with 
mucoid material are normally present in the 
fetus up to about three months, thereafter 
gradually disappearing. 

The article is well illustrated with reproduc- 
tions of roentgenograms, in posteroanterior 
projections, in support of the observation that 
the dilatation of the ascending aorta was not 
demonstrable, by excellent photographs of gross 
specimens and photomicrographs. — Ayigus K. 
Wilson. 

Freedman, Paul, Levine, Samuel, and Solis- 

CoHEN, Leon. Hemothorax in blood dys- 

crasias. Am. J. M. Sc., May, 1943, 20§, 

692-696. 

The authors report 2 cases of hemothorax 
which were admitted to the Jewish Hospital in 
a period of two months. Both occurred in males, 
one due to hemophilia and one due to thrombo- 
cytopenic purpura. Both patients were in the 
third decade of life. They are classified as non- 
traumatic hemothorax. In neither was it a 
primary manifestation of the disease. In the 
hemophiliac it was acute in clinical onset, while 
in the purpuric it was more insidious. The pa- 
tient with hemophilia eventually recovered; 
the patient with purpura succumbed to infection 
in the form of an empyema. It was thought that 
this infection was secondary to thoracenteses 
and the danger of this complication is em- 
phasized. 

The treatment of the non-traumatic hemo- 
thorax is first to care for any shock that may be 
present. As the bleeding undoubtedly is diffuse 
and not focal in origin, there is probably never 
an indication for thoracotomy and vessel liga- 
tion. Aspiration is usually indicated after about 
forty-eight hours as blood left in the pleural 
cavity may form fibrin clots, the latter re- 
quiring thoracotomy The entire collection 
should be removed in one or two aspirations 
as the fewer the punctures the less danger there 
is of infection. — James J. McCort. 
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Bannen, J. E. Post-operative pneumo- 
peritoneum. Brit. y. Radiol., April, I944> ^ 7 } 
119-iai. 

There is more or less postoperative pneumo- 
peritoneum after every abdominal operation. 
One causative factor is probably the habit some 
surgeons have of pulling up the abdominal wall 
to the last stitch which increases the air content 
of the abdomen. The conditions could be 
prevented or minimized by exerting gentle 
pressure on the abdominal wall before inserting 
the last stitch and in this way expelling the 
residual air. The free air is generally absorbed 
in seven days and is therefore harmless, but it 
may cause a more or less serious degree of 
respiratory embarrassment and may be mis- 
taken for more serious conditions such as sub- 
diaphragmatic abscess and perforated gastric 
or duodenal ulcer. A correct differentiation from 
these conditions may prevent a serious opera- 
tion. Roentgenograms should be taken within 
forty-eight hours after an operation with the 
patient in the Fowler position. In this position 
the free air in the abdomen rises to the sub- 
diaphragmatic region and can be seen as an 
aerated space i or 2 inches thick between the 
diaphragm and the liver and stomach. Roent- 
genograms of a case are shown. 

Marked degrees of pneumoperitoneum are 
more apt to occur in gynecological operations 
where the patient has been changed from the 
Trendelenburg to the Fowler position and 
where a large amount of tissue has been re- 
moved as in hysterectomy. Postoperative 
pneumoperitoneum is always bilateral and 
unless lung complications have occurred the 
lung fields are clear and there is no irregularity 
of the diaphragm. When the condition is 
caused by gas-forming organisms, as in perito- 
nitis and after a perforation, the diagnosis must 
be based on the acute history and the presence 
of gas in the abdomen before operation. The 
postoperative abdominal discomfort frequently 
attributed to gas distention of the bowel may 
be due to pneumoperitoneum and in that case 
enemas will do no good . — Audrey G. Morga?i. 

hloLONY, Clement J. Postoperative pul- 
monary collapse in childhood. Aju. J. Dis. 

Child., Sept., 1943, 66 , 280-301. 

Molony presents 21 cases of postoperative 
atelectasis in children. The cases were collected 
from the records of two large children’s hospi- 
tals over a period of ten years. He was not able 


to find in the literature an inclusive report of 
this condition from a children’s hospital. The 
etiologic factors for collapse following surgical 
procedures are discussed and a plan of treat- 
ment based on these several factors is sug- 
gested. He emphasizes the importance of 
atelectasis in the production of bronchiectasis, 
and believes bronchoscopic drainage in cases 
of persistent collapse is the proper treatment. 

The 21 cases are analyzed from the stand- 
point of incidence according to sex and age, 
type of operation performed, anesthetic used, 
symptoms presented, day of occurrence follow- 
ing operation, and day of clearing. In regard to 
the causes he discusses bronchial obstruction 
by a plug of mucus; the effect of hypoventila- 
tion brought about by the great decrease in 
vital capacity following operation; decrease in 
body tonus caused by the decrease in tone of 
the thoracic muscles and the diaphragm follow- 
ing operation; the role played by allergy; and 
the effect which may be produced by the use 
of the closed system of anesthesia. 

He tabulates the precautions against and 
treatment for postoperative collapse based on 
the various etiologic factors. The article is 
profusely illustrated with roentgenograms of 
the changes in the lungs of many of the cases. — 
R. S. Bromer. 

Imber, Irving. A tumor occurring in the 
superior pulmonary sulcus. Am. J. M. Sc., 
May, 1944, 207, 654-660. 

This case report and postmortem study was 
made because it illustrates a superior pul- 
monary sulcus tumor in which the extrapul- 
monary origin of the tumor can be established, 
thus favoring the original contention of Pan- 
coast that a primary tumor may arise in the 
pulmonary sulcus and that it may produce a 
definite clinical syndrome. The clinical syn- 
drome described by Pancoast included (1) 
pain in the shoulder region, often radiating 
down the arm and eventually to the fingers; 
(2) Horner's syndrome; (3) local destruction 
of the first two or three ribs, and (4) atrophy 
of the muscles of the hand. 

The sjmdrome described by Pancoast was 
present in this case. The clinical course from 
the onset of pain to death was extremely rapid, 
totaling only three and one-half months. 
Physical findings and symptoms of a pulmonarj-^ 
lesion, which usually have been strikingly 
absent in the report of cases, were present in 
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this case, apparently due to the large size of the 
tumor. The rapid growth exhibited by this 
lesion on roentgen examination is also some- 
what unusual. None of the roentgen examina- 
tions demonstrated evidence of osseous erosion. 

It was thought that the tumor mass in the 
pulmonary sulcus at postmortem examination 
was undoubtedly extrapulmonary and was so 
proved by microscopic section. Dr. McFarland 
reviewed the histologic sections of this patient. 
He expressed the opinion that this tumor was 
composed of cells which are squamous epithe- 
lial cells, but did not reach the prickle stage 
and that the adrenal medullary tumors and the 
sulcus tumors were of the same cell type. From 
the history obtained it is not possible to state 
whether the Horner’s syndrome preceded the 
onset of scapular pain or whether it followed 
the onset of pain . — James J. McCort. 

Olcott, Charles T., and Dooley, Samuel W. 

Agenesis of the lung in an infant. Am. J. Dis. 

Child., May, 1943, 6 s, 776-780. 

The authors report a case of complete 
absence of the right lung in an infant two 
months old. The diagnosis was made during life 
by physical, roentgenographic and broncho- 
scopic examination. The roentgenographic ex- 
amination showed the cardiac silhouette and 
mediastinal contents in the right side of the 
chest continuous with the shadow of the liver. 
The left lung showed evidence of hyperventila- 
tion. No iodized poppyseed oil entered the left 
main bronchus. 

Deficiency of a lung has been classified as of 
three types by Schneider. In type i, there is no 
trace of a bronchus — true aplasia of the lung 
and bronchus. In type 2, the bronchus is 
represented by a blind pouch or a nodule of 
cartilage and fibrous tissue and there is no 
pulmonary tissue — aplasia of the lung. In type 
3, the main bronchus is normal in size and shape 
and ends in a fleshy structure — extreme hypo- 
plasia of the lung. The third type may be 
impossible to diflFerentiate from secondary re- 
traction of a previously expanded lung. In the 
case reported by Olcott and Dooley, at nec- 
ropsy there was no recognizable right pleural 
cavity. The trachea formed an almost direct 
line with the left main bronchus. At the site of 
the normal branching of the right main bron- 
chus was a bareh' recognizable pocket, not over 
4 mm. in any dimension and no tissue of any 
sort was attaclied to it. 


Agenesis of the lung is compatible with life. 
It is of diagnostic importance that the chest 
in patients with true aplasia of the lung is 
usually symmetric. Pneumonia of the remain- 
ing lung is often fatal. Cases have also been 
reported of the remaining bronchus being 
occluded by a foreign body. — R. S. Rromer. 

Childress, William G. Tuberculosis among 

hospital personnel. Am. Rev. Tuberc., June, 
1944, 49 , 501-509- 

Heimbeck reported positive skin reactions in 
only 5a per cent of incoming student nurses in 
Oslo, whereas at the time of graduation, 100 
per cent of this group showed positive reactions 
to tuberculin. 

Many other investigators have reported 
similar increments in sensitivity to the tubercle 
bacillus following contact. Workman’s Com- 
pensation Acts have indicated the prevalent 
belief that contact with active tuberculosis 
provides a definite hazard — a hazard which 
pertains to those previously infected as well 
as to those not yet sensitized. 

Periodic roentgen examination of the chest 
is considered a practical procedure, particularly 
for those who are required to work with tuber- 
culous subjects; skin testing is not always 
practical. 

This report pertains to observations con- 
ducted at the Grasslands, New York, since 
1932. The bed capacity of the hospital was 
800; 300 being tuberculous patients (housed 
in separate buildings interconnected by tun- 
nels). The average employment numbered 750 
(200 being permanently assigned to the section 
of tuberculosis). In all, 5,039 employees were 
studied, of whom 2,092 were subjected to 
contact with the disease. 

Of the personnel without symptoms and with 
normal roentgen findings at the time of em- 
ployment (45), 1.8 per cent of those exposed 
developed the disease and only 0.2 per cent of 
those not exposed did likewise. 

Of the personnel showing active tuberculosis 
at the time of the first examination (14), 57 
per cent had been exposed while 43 per cent had 
not been exposed. 

Of those with a previous history of tuber- 
culosis (65), 27 per cent of those exposed be- 
came re-activated while only 21 per cent of 
those not exposed did likewise. 

Thus, the higher morbidities occurred among 
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the exposed versus the unexposed; considering 
all subgroupings, of 2,09a who were exposed, 

3.5 per cent developed the disease, while among 
2,947 without known exposure, only 0.54 per 
cent developed activity. 

All types of personnel were concerned; 
physicians (13), nurses (45), attendants (10), 
porters (4), maids (3), kitchen workers (5), and 
laboratory workers {s).—A. A. de Lorimier. 

Dormer, B. A., Friedlander, J., and Wiles, 

F. J. Bronchography in pulmonary tuber- 
culosis. I. Normal or questionable roentgeno- 
graphic findings in lungs and positive 
sputum. Am. Rev. Tiiberc., Oct., 1944, 
aS 3-286. 

The authors have analyzed 5 cases wherein 
sputum examinations were positive though 
roentgen studies were considered negative or 
questionable. 

Anteroposterior, lateral, and oblique film 
studies were accomplished; thereafter, broncho- 
graphy was performed. With this latter pro- 
cedure, the lesion was identified in every case. 

The authors state that “the early lesion in 
tuberculosis is nearly always a bronchiectasis 
or a dilated bronchus terminating in a cavity.” 
They conjecture that in pulmonary phthisis, 
the basic pathology is “bronchial block with 
subsequent pneumonitis and either abscess or 
bronchiectasis.” — A. A. de Lorimier. 

Dormer, B. A., Friedlander, J., and Wiles, 
F. J. Bronchography in pulmonary tuber- 
culosis. II. Radiographic black-out — evalua- 
tion of underlying lesions. Am. Rev. Tiiberc., 
Oct., 1944, 50, 287-292. 

Previously, the authors have recommended 
bronchography for identifying the location of a 
tuberculous lesion when the sputum is positive 
though the roentgen studies be considered 
normal or indefinite. 

This is a similar study but pertaining to 
cases having positive sputa and “black-out” 
areas, roentgenographically — opacities so great 
that the nature of the pathology cannot readily 
be discerned. 

Bronchography was applied to 7 such cases 
where the character of the lesions could not be 
discerned by the conventional roentgeno- 
graphic procedures. The contrast densities 
provided bronchographically served to visualize 
the character of the pathology. This procedure 


is recommended, therefore, as a trustworthy 
substitute for tomography. 

Again, the incidence of bronchial occlusion 
and of cavity formation in tuberculosis is 
emphasized. — A. A. de Lorimier. 

Shapiro, Robert. Pulmonary tuberculosis in 
Navy recruits. Am Rev. Ttiberc., June, 1944, 
49 , 485-489- 

It is estimated that since the last great 
mobilization, the Federal Government has 
expended well over one billion dollars toward 
pensioning and compensation payments of 
service connected disabilities due to tuber- 
culosis. 

The attributes of photofluorography are 
expounded with respect to its value for screen- 
ing. Its application is recommended to the 
extent of re-examination frequently. The 
author suggests that when developing an 
acquaintanceship with this procedure, the 
examiner should resort to standard procedures 
such as the use of the 14X17 inch film, fre- 
quently in the beginning; that such a policy 
should provide acquaintanceship with pitfalls 
and artefacts and that thereafter the need 
for 14X17 inch films will be reduced to ap- 
proximately 0.5 per cent of the cases examined. 

The factor of fatigue must be considered. 
Each examiner should identify his own fatigue 
threshold, and rest accordingly. With adequate 
precautions, the author estimates that with the 
use of the 35 mm. single film, misses should be 
kept to within i to 2 per cent. 

The criteria for rejection by the Navy are 
cited; essentially, these including: any evidence 
of reinfection tuberculosis; evidence of activity 
of the primary phase or of an extensive primary 
lesion such as might later produce disturbances, 
or evidence of fibrinous or serofibrinous 
pleuritis. 

This analysis is based upon a study of 50,100 
photofluorographic examinations of candidates 
for Seabee duty with the Navy (many being 
of the fourth and fifth decades of life — and all 
having passed preliminary physical examina- 
tions). 

The incidence of reinfection tuberculosis was 
believed to be 0.87 per cent ; that of calcified 
primary tuberculosis, 10.7 per cent (5.3 per cent 
merely showing calcifications in the hilar 
lymph nodes; 5.4 per cent, both hilar adeno- 
pathy and calcifications in the parenchyma). — 
A. A. de Lori 7 nier. 
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Abeles, Hans, and Pinner, Max. Accident- 
ally discovered pulmonary tuberculosis. Am. 

Rev. Tuberc., June, 1944, ./p, 490-500. 

Chest surveys accomplished by roentgeno- 
graphy have revealed lesions in subjects in 
whom no illness had been suspected. Some of 
these lesions may be readily identified as 
tuberculosis; others may be so identified with 
the support of corroborative studies, while 
some remain uncertain as to the exact nature of 
the pathologic condition. 

This report is based upon 91 cases of un- 
suspected lesions wherein the roentgen evidence 
was identified by corroborative hospital studies. 
Twenty-nine of the examinations were con- 
ducted among candidates for the Civil Service; 
2.5 were merely contacts; 14 were candidates 
for employment to industry; 8 were included 
in a school survey; 6 were applicants for 
hospital employment, and the rest, similar 
healthy appearing adults seeking examinations 
in connection with insurance, premarital status, 
etc. 

Only 67.4 per cent of the cases showing 
definite evidence of tuberculous activity had 
noticed any symptoms. The most common 
symptoms were of fatigability or occasional 
hemoptosis. Even after the diagnosis was 
established, in many of these cases, there was 
no substantial disturbance of wellbeing until as 
long as two years. Physical examination re- 
vealed definite findings in only 35 of the 91 
cases (though 28 had minimal lesions; 40 
moderately advanced, and 23, far advanced 
lesions). Roentgen studies indicated bilateral 
lesions in 47 of the cases; unilateral, in the 
right lung, in 31 ; unilateral, in the left lung, 
in 13. Sixteen of the cases showed definite 
cavities — all of which revealed tubercle bacilli 
when studied by direct smears or concentration 
tests. 

The sputum was routinely examined first by 
direct smear; thereafter if negative, by con- 
centration studies and possibly by culture or 
gastric washings. Using one or another of these 
methods (repeated studies being necessary in 
many of the cases), the tubercle bacillus was 
isolated in 84.6 per cent of the group. 

Thirty-seven of the patients developed a 
white blood count in excess of 10,000; 54 
showed a sedimentation rate in excess of 9 mm. 
for the first hour (Westergren method). 

Detennination of activity of a lesion was 
based upon: (i) roentgen evidence (serial 
studies, with consideration as to progression or 


regression of the visualized lesion) — indicative 
in 90.7 per cent of the group; (2) sputum 
studies — with demonstration of the tubercle 
bacilli in 89.5 per cent; (3) blood counts and 
sedimentation rates — indicative in about 60 
per cent. 

Thus, the authors emphasize the particular 
value of roentgen studies and bacteriological 
examinations and the consideration of the 
clinical symptoms. Among the cases of in- 
activity, examinations of the sputum, guinea 
pig inoculations, white blood counts and 
sedimentation rates were negative. — A. A. de 
Lorimier. 

Mitchell, Earl B., and Thornton, T. F., Jr. 

Lower lobe bronchiectasis associated with 

tuberculosis. Atn. Rev. Tuberc., Jan. 1944, 
49 , 38-47- 

The mortality from lobectomy is now re- 
duced to 5 per cent or lower in several large 
institutions. Increasing numbers of patients 
with bronchiectasis are accepting this operation 
which offers greater relief in most instances 
than methods of medical management. One 
must bear in mind that a similar procedure in 
patients with tuberculous bronchiectasis carries 
with it a mortality of 18 per cent. Furthennore, 
such distressing complications as persistent 
draining sinus or fistula, tuberculous spread, 
and tuberculous empyema occur in about one- 
third of the patients. In spite of this risk, there 
is a definite indication for surgery if the tuber- 
culosis seems stationary in the remainder of 
the lung fields and the symptoms of bronchi- 
ectasis are severe. 

The fact that tuberculosis has so frequently 
been the underlying disease in bronchiectasis 
of the upper lobes and has not been found in 
lower lobe bronchiectasis has given rise to a 
widely accepted and reasonably accurate rule 
of thumb — that bronchiectasis limited to an 
upper lobe is tuberculous and limited to a 
lower lobe is non-tubercuious. The incidence of 
tuberculous bronchiectasis has not been deter- 
mined accurately. The 5 cases reported by the 
authors represent approximately 5 per cent of 
all the patients with bronchiectasis seen at the 
University of Chicago Clinics in the past ten 
years. 

Tuberculous lower lobe bronchiectasis should 
be suspected in any patient presenting one or 
several of the following features: (i) suggestive 
history; (2) roentgenological evidence of apical 
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tuberculosis; (3) bronchoscopic finding of 
bronchial stenosis; (4) unilateral or unilobar 
bronchiectasis. However, the diagnosis can be 
made with certainty only if a positive sputum 
is obtained. Repeated, careful sputum examina- 
tions in all patients having bronchiectasis are 
mandatory. If the diagnosis can be made early 
in the course of treatment, the authors believe 
that judicious use of thoracoplasty or lobec- 
tomy, or a combination of these procedures, 
will give favorable results in a high percentage 
of cases. — John R. Hannan. 

Bobrowitz, I. D. Round densities within 
cavities; lung lesions simulating the pathog- 
nomic roentgen sign of echinococcus cyst. 
Am. Rev. Tuberc., Oct., 1944, 5^3 305 ~ 3 i^- 

Two cases are reported wherein roentgeno- 
graphy of the chest revealed lesions showing a 
round uniformly dense focus surrounded by a 
concentric air space and membrane. 

The author states that this feature has been 
described in connection with the echinococcus 
cyst, but otherwise not defined in the literature. 

The lesions were visualized by conventional 
roentgenography — and even more clearly by 
tomography. 

Both cases were subjected to surgery; in one, 
the process was identified as inspissated pus; 
in the other, as a blood clot. — A. A. de Lorlmier. 


ABDOMEN 

Calthrop, G. T. Cholecystography; pheniodol 
as a medium for the Graham-Cole test. 
Brit. J. Radiol., Feb., 1944, /y, 60-61. 

The chemistry of the various media used for 
cholecystography is discussed. Recently a new 
compound called pheniodol has been in- 
troduced. It is ^-(4-hydroxy-3:5 diiodophenyl) 
a phenyl propionic acid. It was described by 
Dohrn and Diedrich in 1940 and placed on the 
market in Germany under the trade name of 
Biliselectan. Now a pheniodol of British manu- 
facture is available. It is given only by mouth. 

The author has tested its oral use in 100 
cases. He finds it is a safe, convenient, economi- 
cal and satisfactory means of examining the 
function of the gallbladder. The density of the 
shadow was generally as good as that after the 
intravenous injection of iodophthalein and the 
risks attending the use of that drug were 
eliminated. — Audrey G. Morgan. 


and Radium Literature u? 

Bryan, Lloyd, and Pedersen, N. S. New 
gallbladder contrast medium; priodax. Ra- 
diology, March, 1944, 42, 2,24-225. 

Tetraiodophenolphthalein has been the only 
contrast medium used in the examination of 
the gallbladder but it has a tendency to cause 
diarrhea, nausea and vomiting. A new medium 
called priodax has been produced. It is 
j8-(4-hydroxy-3,5-diiodophenyl)-a-phenyl-pro- 
pionic acid. It is excreted in a few days by the 
kidneys and does not collect in the colon as 
tetraiodophenolphthalein does. The minimal 
lethal dose is considerably higher than that of 
tetraiodophenolphthalein on parenteral ad- 
ministration and about the same on oral ad- 
ministration. It causes much less distress to the 
patient than the latter drug and is more effec- 
tive as a diagnostic agent. 

It has been given to 845 patients examined 
for disease of the gallbladder. Among these 
227, or 27 per cent, were reported to have 
poorly functioning gallbladders. All of the gall- 
bladders that showed impaired function roent- 
genographically with the new medium were 
found on operation to have some abnormality. 
One cancer of the gallbladder was found on 
operation. — Audrey G. Morgan. 

Paul, L. W., and Pohle, E. A. Oral chole- 
cystography; a comparative study of the 
single- and divided-dose method with con- 
trast media in liquid and solid form. Ra- 
diology, March, 1944, 226-232. 

The authors have been using sodium iodoph- 
thalein as a contrast medium in cholecystog- 
raphy, giving the first dose of 3.5 gm. after a 
regular lunch and the second dose of the same 
size after a fat-free supper. This gave a high 
degree of accuracy. There were few faint or 
questionable shadows. 

They have now made a comparative study 
of this drug and the new contrast medium, pri- 
odax. They made 194 examinations on 148 pa- 
tients, 114 of whom were given priodax and 80 
iodophthalein. Priodax was given in a dose of 
3 Both media were used in 46 cases. It was 
found that the single dose method was as 
effective with both drugs as the intensified 
technique with a larger number of doses. 

A table is given showing the results with the 
two drugs. The shadow-producing qualities of 
the two were about the same. There was 
slightly less nausea and vomiting after priodax 
but practically as much diarrhea (22.8 per cent 
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with priodax and 28.7 per cent with iodoph- 
thalein) though the diarrhea was somewhat 
more severe with the latter drug. 

The simplified technique now used is to give 
one dose of the drug after a fat-free supper, eat 
no more after this and report for roentgen 
examination at 8 o’clock the next morning. If 
gas obscures the gallbladder pitressin is given; 
a cleansing enema may be given instead but is 
not as effective. Careful roentgen technique is 
of the greatest importance. The use of the 
rotating anode tube and the high-speed Potter- 
Bucky grid with short exposure times (one to 
two tenths of a second) was very helpful in 
giving clear, sharp shadows with sufficient 
contrast. 

Priodax is easier to give than sodium 
iodophthalein as it comes in tablet form. — 
Audrey G. Morgan. 

Hefk-E, H. W. Cholecystography with priodax; 

report on 600 examinations. Radiology, 

March, 1944, 42, 233-236. 

There are decided inconveniences in the use 
of tetraiodophenolphthalein as a contrast 
medium in cholecystography. It often causes 
diarrhea, nausea and vomiting. Vomiting may 
be so severe as to cause loss of contrast material 
and failure of visualization. A new drug called 
priodax has been introduced. It has a 52 per 
cent iodin content and the clinical dose of 3 
gm. is far below the toxic level. The author 
has used this drug in 600 gallbladder examina- 
tions. He found that gas and the presence of the 
medium in the colon, causing confusing shad- 
ows, is not as frequent with priodax as with 
tetraiodophenolphthalein. Priodax was much 
better tolerated, and diarrhea, nausea and 
vomiting were less frequent and less severe 
with its use. Three out of 100 male patients 
complained of some burning on urination after 
priodax, due to the fact that it is excreted by 
the kidney. But urine examination in 30 pa- 
tients showed no irritation of the kidneys. 
There was no evidence of any injury of the 
patients’ health by the drug. 

Priodax gave as good results as tetraiodo- 
phenolphthalein and in cases of non-functioning 
gallbladder even better. In 30 cases in which 
tire first examination showed non-functioning 
gallbladder the dose was repeated. Only i of 
these patients showed a normally functioning 
gallbladder on re-examination while with 
tetraiodophenolphthalein i out of every 4 pa- 


tients show normal function on twenty-four 
hour re-examination. 

Surgery was carried out in 60 of these cases 
and operation confirmed cholecystography in 
all cases in which stones had been shown. 
Stones were also found in i case in which the 
diagnosis had not been made. In i case diag- 
nosed as non-functioning gallbladder surgery 
showed normal function. The percentage of 
accuracy in the cases checked surgically was 
96.7 per cent, which compares favorably with 
the findings after tetraiodophenolphthalein. — 
Audrey G. Morgan. 

Munk, Julius. X-ray appearances in amoebic 

hepatitis. Brit. J. Radiol., Feb., 1944, //, 

48-53- 

There are very few direct roentgen signs of 
amebic hepatitis and therefore diagnosis must 
be made chiefly from indirect signs in the right 
half of the diaphragm and the lower field of the 
right lung. Diaphragmatic changes occur only 
in cases in which there is upward enlargement 
of the liver. This may be a generalized enlarge- 
ment of the liver or only the subphrenic part 
may be involved 

Ten cases are described and illustrated with 
roentgenograms. From a study of the latter 
a division is made into three groups. In the 
first group in which only the lower anterior part 
of the liver is involved or in which the abscess 
is intrahepatic or subhepatic without general 
enlargement of the liver there are no roentgen 
signs. In the second group there were different 
degrees of total elevation of the right half of 
the diaphragm with different degrees of re- 
stricted movement, extending to complete 
cessation and with paradoxical movement on 
functional examination. There were also various 
degrees of atelectasis of the lower lobe of the 
right lung, pleurisy, enlargement of the inter- 
costal spaces, blurring of the diaphragm and 
displacement of the heart. In the third group 
there were different degrees of bulging of the 
diaphragm, and generally restricted movement 
or no movement of the bulge on respiration, 
with increased movement in other parts of the 
diaphragm. 

The importance of functional examination of 
the right diaphragm by Muller’s and Hitzen- 
berger’s tests is emphasized and the different 
appearances of atelectasis of the lower lobe of 
the right lung demonstrated. The value of the 
plate-like atelectatic foci demonstrated by 
Fleischner in 1936 as a roentgen sign is shown. 
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A roentgenogram similar to that of amebic 
hepatitis may be seen in other conditions such 
as the initial stage of pleurisy, all conditions of 
increased intra-abdominal pressure, a hydatid 
cyst or liver metastasis on the upper surface of 
the liver, paranephritic abscess or broncho- 
stenosis, but there are usually differentiating 
clinical signs, which are discussed . — Audrey G. 
Morgan. 

Hiller, Glenn I., and Johnson, Richard M. 
Abdominal aortic aneurysm; rupture into the 
jejunum preceded by occult blood in the 
stool. Am. J. M. Sc., May, 1944, 207, 600- 
606. 

The patient, a white male, aged seventy-six, 
was admitted to the hospital on December 1, 
1942. He had enjoyed good health most of his 
life and until five weeks prior to hospitaliza- 
tion, when epigastric pain and abdominal dis- 
tention occurred with abrupt onset. At times 
the pain was cramping, knife-like and radiated 
across the upper abdomen. Nausea and 
anorexia were prominent features and on one 
occasion he had vomited a large quantity of 
bitter tasting greenish fluid material. Since the 
onset of symptoms he had lost 10 lb. in weight 
and complained of extreme weakness and dizzy 
spells. Physical examination did not reveal any 
masses or pulsations in the abdomen and ad- 
mission blood count revealed 10.5 grams of 
hemoglobin per 100 cc.; and 4,600,000 red blood 
cells per cubic millimeter. Repeated stool ex- 
aminations showed the guaiac test for occult 
blood in the stool to be positive. Roentgenologic 
examination of the upper gastrointestinal tract 
and the colon did not reveal any abnormalities. 

In view of the fact that Golden has pointed 
out that blood in the stools without apparent 
cause is an indication for study of the small 
intestines, it might have been well if this patient 
had been studied by serial roentgenograms of 
the small bowel or by the method of the small 
bowel enema as advocated by Schatzki. 

The patient died suddenly two weeks after 
admission. At autopsy an arteriosclerotic 
aneurysm of the abdominal aorta with rupture 
and perforation into the jejunum was found. — 
James J. McCort. 

Bradley, J. Edmund, and Greiner, D. James. 

Diaphragmatic hernia. A?7i. J. Dis. Child., 

Aug., 1943, 6G, 1 43-1 49. 

A case of the rare type of congenital dia- 


phragmatic hernia on the right side is reported. 
The only content of the hernial sac was a 
portion of the liver. The roentgenogram of the 
chest showed displacement of the heart to the 
left side with a dense shadow occupying the 
lower half of the right side of the chest that was 
later proved to be due to the upward displace- 
ment of the liver. The condition had existed 
since early fetal life. This was evident by the 
malformation or molding of the right lobe of 
the liver, which projected into the hernial sac, 
and the adherent maldeveloped, or fetal, right 
lung, which was closely associated with the sac. 
The case was typical of this type of lesion. The 
symptoms were almost entirely respiratory, 
appeared within two weeks after birth and 
varied in type and intensity until the patient’s 
death, at the age of six months.^ — K. S. Bromer. 

Morrison, Howard J., and Neville, R. L. 

Omphalocele with congenital obstruction; 

report of case with Meckel’s diverticulum. 

Am. J. Dis. Child., May, 1943, 65, 781-784. 

Omphalocele or exocelon is a true congenital 
umbilical hernia, containing intestine or ab- 
dominal organs. The authors report a case of 
omphalocele with congenital obstruction of the 
intestine. The intestines could not be reduced 
until the infant was anesthetized. The patient 
was operated upon when eighty minutes of age. 
Convalescence was uneventful, and at the age 
of fourteen weeks the infant weighed 12 pounds 
II ounces and appeared perfectly normal. An 
unusual physiologic phenomenon of the om- 
phalocele’s doubling in size when the infant 
began to cry was due to a valve-like obstruc- 
tion, which caused air to distend the intestines 
within the omphalocele. Roentgen examination 
at the age of five months failed to reveal the 
presence of Meckel’s diverticulum which had 
been found at operation. This was probably due 
to the fact that the diverticulum atrophied 
after the operation. — R. S. Bromer. 

LeMone, David V., and Cooper, William 

Grant, Jr. Total subphrenic abscess. Ra- 
diology, March, 1944, 42, 283-285. 

Subphrenic abscess is generally an accumula- 
tion of pus in one or two of the numerous 
peritoneal pockets betiveen the diaphragm and 
the mesocolon. A large number of the sub- 
divisions of this space may be involved but in 
that case the patient usually dies. A case is here 
described in a farmer fifty-eight years of age 
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who fifteen years ago had had an attack of 
abdominal pain after eating, nausea and vomit- 
ing of bile. After recovery from this attack he 
was well for twelve years when he had recurring 
attacks of increasing frequency and severity. 
Five weeks before admission to the hospital he 
had an acute attack with prostration and 
violent nausea and abdominal cramps. On 
admission roentgen examination showed a 
translucent cavity involving the entire upper 
third of the abdomen from the diaphragm to 
the level of the fourth lumbar vertebra and 
from one lateral wall of the abdomen to the 
other. The entire liver, stomach and spleen 
were included in the cavity. The movement of 
the stomach was rapid and the barium mixture 
passed promptly through an opening in the 
duodenum into the cavity. After gastric lavage 
the abscess cavity was almost entirely cleared 
of the barium mixture indicating a free fistulous 
tract at the site of the perforation. 

After closure of the fistula and drainage the 
patient recovered. Roentgenograms and a 
diagrammatic sketch show the findings. — 
Audrey G. Morgan. 

Pasternack, Joseph G. Calcareous pan- 
creatitis. Ann. hit. Med., Nov., 1943, /p, 

757-767. 

In a discussion of the etiology the theory is 
presented that in acute pancreatic necrosis the 
fat necrosis has been shown to be due to the 
splitting of neutral fat into fatty acids and 
glycerin by the action of lipase that has escaped 
into the tissues from the pancreatic juice. The 
glycerin has been absorbed and the fatty acids 
combined with calcium to form insoluble soaps. 

The consequences of calculi and calcareous 
deposits are atrophy and progressive fibrosis 
with more or less destruction of the parenchyma 
of the gland. As a result of obstruction of the 
ducts or destruction cf the acinar tissue 
disturbances due to a deficiency of the pan- 
creatic enzjnne in the intestine may be con- 
spicuous. Diabetes occurs when enough cf the 
islands of Langherhans are destroyed. In i of 
the cases here presented a fragment of stone 
was found in the ampulla of Vater. 

The clinical diagnosis of calcareous pan- 
creatitis depends upon the roentgenographic 
demonstration of calcification in the pancreatic 
region. Pancreatic stones are usually sufficiently 
radiopaque to cast a shadow. When the clinical 
disease is not suspected shadows of stones in the 


pancreatic region may go unheeded and without 
proper interpretation. In the present series 2 
patients died of tuberculous bronchopneumonia 
and I of pulmonary abscess and gangrene. The 
fact that patients with prolonged pancreatic 
insufficiency are predisposed to pulmonary 
tuberculosis, suppuration and gangrene has 
been previously noted. 

As regards treatment when the symptoms 
are principally those of pancreatic achylia, 
pancreatic enzyme therapy is highly effective. 
The response is characterized by a decrease in 
the frequency and bulk of the stools, associated 
with gain in weight and increased strength. — 
James J. McCort. 

Kaufmann, William, and Chamberlain, 
Dorothy B. Congenital atresia of pancreatic 
duct system as a cause of meconium ileus; 
critical review of the literature, with a report 
of one case. Am. J. Dis. Child., July, 1943, 
66 , 55-67. 

The authors report a case of meconium ileus 
in a three day old infant. Their patient, a white 
girl, born prematurely. Necropsy and further 
study of the pancreas, which was removed, 
established the absence of any intrapancreatic 
ducts, which made it probable that the ex- 
cretory duct was also absent. The cause of the 
meconium ileus in their case seemed to be 
similar to that in the cases reported by Korn- 
blith and Otani and others. Nevertheless, the 
fundamental lesion was somewhat different 
from that in cases hitherto reported, in that 
there was complete maldevelopment of all in- 
trapancreatic ducts, ductules and acini while 
in all other cases of this type the ducts were 
present and often cystically dilated (cystic 
fibrosis). 

The mechanism involved in the production of 
meconium ileus is thought to be as follows: 
Obstruction of the larger pancreatic duct, 
atresia of the pancreatic duct system or mal- 
formation of the entire exocrine system pre- 
vents the exocrine secretions of this gland 
from reaching the intestine. Acinar atrophy 
and fibrosis may result from the two first 
anomalies. Normal meconium, which is a dark 
brownish green, semisolid, viscid substance 
composed of mucus, bile, intestinal secretions, 
fat globules, cholesterol, vernix caseosa, epi- 
thelial cells and hair, requires pancreatic 
enzymes as well as bile for the maintenance of 
its nonnal composition and consistency. In 
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case the pancreatic enzymes are lacking in the 
intestine, a failure of digestion of fats and 
proteins in the meconium with resulting in- 
spissation and hardening will occur. The tough, 
semisolid meconium accumulates in the in- 
testine, since normal intestinal peristalsis can- 
not dislodge it, and fatal intestinal obstruction 
is the outcome. 

Two greatly distended loops were found in 
the proximal part of the ileum. These loops 
were filled with thick, mucoid, sticky, dark 
green meconium which could be forced out of 
the lumen only by continued finn pressure. Its 
consistency was like putty. The enlarged por- 
tion of the ileum tapered off gradually until it 
averaged i cm. in diameter at the ileocecal 
valve. The latter was probed and was found to 
be patent. 

The roentgen examination of the patient 
showed, after barium sulfate was introduced 
into the stomach through a tube, no definite 
dilatation of the stomach. The barium passed 
immediately into the duodenum. Two hours 
later the barium had appeared in the upper 
loops of the jejunum. Just distal to this, with 
the patient in the inverted position, a loop of 
small intestine was visible. There were multiple 
fluid levels in the gas-distended intestinal loops. 
A barium sulfate enema filled the rectum, the 
sigmoid flexure and the distal half of the 
descending portion of the colon. It was impos- 
sible to fill the remaining portion of the large 
bowel. A diagnosis of intestinal obstruction due 
to possible atresia of the lower part of the in- 
testinal tract or due to compression from with- 
out was made. 

The literature is reviewed in complete fashion 
and the possible causes of meconium ileus are 
discussed in detail. — R. S. Rromer. 

Miller, Edwin M., Greengard, Joseph, 
Raycraet, William B., and McFadden, 
Irma. Congenital atresia of the duodenum 
and of ileum; report of two cases with suc- 
cessful results following operation. Am. J 
Dis. Child., Sept., 1943, 66 , 272-279. 

The authors report 2 cases of congenital 
atresia of the ileum in which they performed 
successful operations. They also discuss con- 
genita! obstructions of the duodenum and the 
ileum (small bowel), contrasting the clinical 
pictures of the two conditions and emphasizing 
the essential points in the treatment of both. 

They state that progress in the surgical 


correction of congenital obstruction of the 
duodenum and ileum can be made only by close 
observation of the newborn infant during the 
first few days of life. Vomiting should not be 
considered as necessarily due to improper 
feeding. If it is persistent and remains con- 
stantly biliary, it is quite likely due to congeni- 
tal obstruction of the duodenum. If vomiting 
persists and the material becomes brown and is 
associated with a progressive distention of the 
abdomen, there is in all probability a congenital 
obstruction of the lower portion of the ileum. 
In either case a roentgenogram of the abdomen 
may at once settle the diagnosis, and if it is 
followed by immediate accurate surgical meas- 
ures there is a very fair chance of an excellent 
result, — R. S. Bromer. 


Porter, D. C. Megacolon. Brit. J. Radiol., 

April, 1944, 77, 132. 

True megacolon is comparatively rare. Two 
cases are described and illustrated with roent- 
genograms. The first was in a girl of seventeen 
with multiple congenital anomalies including 
slight shortening of the leg and an imperforate 
anus which was opened thirty-six hours after 
birth. The sigmoid condition was probably also 
congenital. She was extremely constipated until 
a lumbar sympathetic ganglionectomy was 
performed, since which time bowel action has 
been normal but the anatomical structure of 
the bowel did not return to normal. 

The second patient was a woman of fifty-nine 
who has been constipated for as long as she can 
remember. The bowels act at intervals of four 
to five days and for several years the stools 
have been the thickness of a pencil. She has no 
pain on defecation and there are no signs of 
toxemia. A roentgenogram is given showing 
the difficulty of evacuating the dilated bowel in 
spite of daily colonic lavage. — Aiidt'ey G. 
Morgan. 




Kirsh, David, and Diaz-Rivera, R. S. Peri- 
nephric abscess~a previously’ unreported 
complication of amebiasis. A7n 7 M F!r 
Sept., 1943,20(5,372-378. ■ ■’ 

After a thorough search of the American, 
English, and Spanish literature, the authors 
were unable to find a single instance of peri- 
nephric abscess complicating amebic dysentery 
The urinary complications of amebiasis are said 
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to be cystitis, pyelitis, nephritis, urethritis, 
and kidney abscess. 

The case reported here is that of a forty-seven 
year old Italian male who was admitted com- 
plaining of pain in the right side of the back and 
of the upper abdomen. For the past nine years 
he had suffered from relapses and exacerbations 
of a bloody diarrhea, accompanied on occasions 
by severe cramping abdominal pains which, in 
many instances, simulated appendicitis. Four 
months before admission the diarrhea recurred 
to a moderate degree with four to seven bowel 
movements a day, which on occasions consisted 
of only a small amount of mucus. On physical 
examination the liver apparently extended 17 
to 18 cm. below the fifth rib. It, and the right 
costovertebral angle, were exceedingly tender. 
The stool examination was negative for Enda- 
moeba histolytica. Roentgenographic studies 
revealed a slight elevation of the right dia- 
phragm with haziness at the base of the right 
lung. The liver was reported not enlarged. 

Eight days after admission laparotomy 
showed that the liver was diffusely enlarged but 
no pus or interhepatic or subdiaphragmatic 
masses were encountered. By blunt dissection 
carried around retroperitoneally to the peri- 
nephric space a large collection of pus was 
opened and drained. The cavity occupied the 
entire perinephric space. The pus was thick and 
yellow and was drained through a lateral stab 
wound. Ten days after operation blocked 
paraffin sections of the pus revealed E. histoly- 
tica in the vegetative fonn and this finding was 
confirmed three days later. The patient re- 
sponded rapidly to a course of emetine hydro- 
cloride. The authors feel it is possible that the 
parasite travelled through the lymphatics 
and localized in the perinephric space. — James 
y. McCort. 

Shrader, J. C., Youkg, John M., and Page, 

Irvine H. Pyelograms in patients with 

essential and malignant hypertension. Am. J. 

M. Sc., April, 1943, 205, 505-514- 

This study was made to find the answer to 
two questions: (i) Is there a pyelogram charac- 
teristic of hypertensives? (2) Is the incidence of 
abnonnal urograms in an unselected group of 
hypertensives greater than in an unselected 
group of normotensive controls? This study did 
not include hypertensive patients who showed . 
evidence of surgical renal disease such as stone, 
tumor or infection. 


The following definitions are given: the 
“intrarenal” pelvis is one in which the renal 
tissue wholly surrounds it and the ureteropelvic 
juncture is seen in the roentgenogram as part of 
the medial border of the shadow of the kidney. 
The ureteropelvic junction in a kidney with a 
“hilar” pelvis is separated from the medial 
border with the pelvis partly within it. The 
“extrarenal” pelvis appears to be outside the 
kidney, making the interrenal portion seem to 
consist entirely of calyx. Since the kidneys 
occupy a ppsition of varying obliquity in the 
abdomen and the roentgenograms were taken 
in the conventional anteroposterior exposure, 
it is difficult to sete how this classification can 
have any scientific value since the factor of 
projection is entirely ignored. 

Each pyelogram was inspected for the follow- 
ing characteristics: 

1. Location of renal pelvis as to whether it 
was intrarenal, extrarenal, or hilar. 

2. Level of renal pelvis in relation to verte- 
bral landmarks. 

3. Renal torsion; complete or incomplete 
rotation. 

4. Presence or absence of a right-angled 
ureteropelvic junction. 

5. Capacity of the pelvis as judged from the 
comparative size of the shadow. 

6. Size of calyces in relation to pelvic size. 

7. Number of minor calyces. 

8. Configuration of calyces and infundibula. 

9. General shape of pelvis; triangular, square 
or rounded. 

10. Axis of renal pelvis; normal oblique, 
horizontal or vertical. 

11. Tendency toward intrarenal duplication 
of pelvis (bifid pelvis). 

The upper limits of normal arterial pressure 
was arbitrarily taken as 149 mm. systolic and 
89 mm. of mercury diastolic. The retrograde 
pyelograms of 100 hypertensives and 100 
nonnotensives were studied. The retrograde 
pyelograms were made by the gravity method. 

It was concluded from this study that the 
retrograde pyelogram of patients with essential 
hypertension does not differ significantly from 
those of nonnotensives. The incidence of uro- 
graphic abnormalities in an unselected group 
of hypertensives appears to be no greater than 
in nonnotensives. — James J. McCort. 

Barden, Stuart P. Two unusual cases of 
urinary tract calculi. Radiology, March, 
1944, 42, 285-288. 
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Two cases are described in which a roent- 
genogram of the abdomen showed multiple 
smooth, round shadows arranged in groups but 
not in the usual position for urinary tract 
calculi. In the first case the patient, a man of 
twenty-three, had gastrointestinal symptoms 
but no urinary symptoms. Physical findings and 
urine examination were negative. Intravenous 
urography showed absence of kidney function 
on the left side and a retrograde study finally 
showed a huge hydronephrotic sac in this 
region that contained multiple calculi. The 
patient recovered after nephrectomy. The 
specimen showed nephrolithiasis, hydronephro- 
sis and a congenital polar vessel that caused 
constriction of the pelvis at the ureteropelvic 
junction. This case shows how long a urinary 
tract lesion may exist without causing urinary 
symptoms and that urinary tract disease is 
often manifested by gastorointestinal symp- 
toms. 

In the second case a man of twenty-eight had 
intermittent pain in the left loin radiating down 
the groin and into the left scrotum and pain in 
the hip, relieved by rest. Three years before he 
had had hematuria for a short time. There was 
no palpable abdominal mass and no tenderness 
in the loin. A survey roentgenogram of the 
abdomen showed multiple round grouped 
opacities in the midline overlying the sacrum. 
Intravenous urography showed a left obstruc- 
tive uropathy, the point of obstruction by 


No other parts of the body are affected. (6) 
There is a thickening of the periosteum which 
is bilateral and symmetrical. (7) The ex- 
tremities show considerable hypertrophy due 
to thickening of the skin and periosteum. (8) 
The hands are enormous. (9) There is a normal 
mental state and no loss of libido. In the patient 
presented here the condition began, about nine 
years prior to admission, with pain in the left 
ankle. A roentgenogram of the lower half of the 
tibia and fibula showed marked periosteal 
irregularity of both the tibia and fibula. There 
was no significant change in this appearance 
during the period of observation. A biopsy of 
the tibia was taken and the sections of de- 
calcified bone showed a porositic cortex with 
the marrow spaces enlarged. The periosteal 
surface suggested some slight previous ac- 
tivity, i. e., young periosteal cells but no osteo- 
clasts, now quiescent. The histological diag- 
nosis was chronic produ'ctive inflammation of 
paraperiosteal tissues, paraosteitis and osteo- 
porosis. 

The differential diagnosis included hyper- 
trophic pulmonary osteoarthropathy, familial 
acromegalic skeletal disease, acromegaly, os- 
teitis deformans, chronic venous statis, and 
syphilis. The presence of an excessive amount 
of estrogen in the male is suggested as a possible 
etiological faptor in the syndrome of this 
patient . — James J. McCort. 


multiple calculi being at the distal third of the 
left ureter. Ureteral catheterization and retro- 
grade pyelography showed that the calculi were 
in the ureter. Ureterotomy was performed and 
72 stones removed. Afterward dilatation of the 
ureter was performed and the patient is in 
satisfactory condition . — Audrey G. Morgan. 

SKEUETAU SYSTEM 

Leinwand, Irving, and Durvee, A. Wilbur. 
Chronic hypertrophy of the skin and long 
bones: an osteo-denuopathic sydrome. Ann. 
Int. Med.., Dec., 1943, /p, 1018-1028. 

The characteristics of this sydrome are: 
(i) It affects young adults, beginning before 
the twentieth year, and is most apparent be- 
tween twenty and thirty. (2) It is limited to 
males. (3) It is not related to occupation and 
there is no familial history or history of syphilis. 
(4) The general health is not affected. (5) The 
skin becomes thick and furrowed, especially 
over the forehead, face, scalp, hands and feet. 


ivi., Uixu iriARRY. 

Unusual osseous disease with neurologic 

changes; report of two cases. Am. J. Dis. 

Child., Aug., 1943, 66 , 150-154. 

The authors state the purpose of this report 
is to call attention to 2 unusual yet similar 
cases in which bizarre osseous changes and 
hyperreflexia were the outstanding features. 
They have been unable to find similar cases 
either in the literature or by consultation with 
persons versed in pathology of bone. They hope 
the report of the cases will call to light others 
and add to the understanding of the condition. 

Both children, the subjects of the report, had 
a peculiar gait which was characterized by a 
straight leg, a wide base and a calcaneus limp- 
neither child could run. Ankle clonus and 
hyperreflexia were present in both children. 
One child showed extreme anorexia with 
emaciation; the other showed anorexia only. 
Both children fntigucd easily. Roentgenograms 
of the long bones were similar, showing sym- 
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metrical areas of increased density and dilata- 
tion of the bony shafts with scattered areas of 
diminished density involving all the long bones. 
The base of the skull in one case was greatly 
increased in density. A biopsy of bone in the 
other case showed concentration of organic 
matrix and minimal evidence of bone resorp- 
tion. There was no evidence of an inflammatory 
process. 

In view of so many findings in common in the 
2 cases, the authors regard it reasonable to 
suppose that in both there is the same under- 
lying disease process. — R. S. Bromer. 

Roberts, F. Nature and functions of the in- 
tervertebral discs. Bi'k. y. Radiol., Feb., 
1944, 17 ■> 54-59- 

Schmorl’s work, based on the examination of 
some thousands of normal and pathological 
spines, gave the first thorough study of the 
intervertebral discs. The author says there is 
no denying the anatomical facts that Schmorl 
brought out but there is room for differences 
of opinion in regard to the mechanical and 
physiological principles on which he bases his 
conclusions. He discusses these principles 
critically and states his own conclusions when 
they differ from those of Schmorl. 

He says there is no foundation whatever for 
the belief that the nucleus pulposus has any 
power of expansion. Nor is it elastic in the true 
sense of the word, which means that a body has 


the power to recover its original shape when a 
deforming force is withdrawn. The nucleus does 
protrude when it is bored into but this is due 
to tension of the capsule. It also bulges when 
the joint is opened horizontally, but this is due 
to tension of the fibers which make up its mesh. 
In these cases both internal and ex'ternal forces 
are at work and it is not a true elasticity. 

The presence of the nucleus makds it possible 
for pressure to be transmitted evenly from the 
lower surface of one- vertebra to the upper 
surface of the next. The discs do not act as 
cushions when subjected to a vertical force 
unless they are flattened by that force, and this 
is highly improbable. But they do act as cush- 
ions in the sense that the fluidity of the nucleus 
permits of a passive change in the shape of the 
discs and therefore in the shape of the spine as 
a whole. This enables the muscles to take the 
strain of any sudden movement. In addition 
the discs act as distributors of tension. The 
tonus of the capsule keeps the nucleus under 
tension. 

The evolution of the spine is discussed and, 
unlike Schmorl, the author believes there is no 
evidence that the assumption of the erect 
position has placed any additional strain on the 
spine. 

Apparently these facts have little to do with 
radiology but the author believes the radio- 
logist should study the function as well as the 
fonn of the structures he examines . — Audrey 
G. Moi'gan. 
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LIPOMA OF THE CORPUS CALLOSUM* 

A CLINICOPATHOLOGIC STUDY 

By CARL F. LIST, M.D., JOHN F. HOLT, M.D., and MARJORIE EVERETT, M.D. 

ANN ARBOR, MICHIGAN 


T he corpus callosum appears to be one case reports 

of the favorite sites of cerebral lipoma. Case i. J.M. (No. 551516), male, aged forty- 
The world’s literature contains doj cases four, was admitted to the University Hospital 
involving the corpus callosum among a on July 13, 1944, referred by Dr. J. Grekin, of 
total of approximately 100 known examples Detroit. For the past two years the patient 
of lipoma of the brain. had suffered from frequent headaches and 

Most publications on cerebral lipoma convulsive attacks. These seizures usually had 
have appeared in the European literature ^otor Jacksonian type, but oc- 

and the excellent paper by Krainer^ UsSS) t-sided convulsions had also oc- 

is especially recommended. Practically all j if ^ttac s were frequently followed 

authors have limi ted their stndv tn the ^y headache, vomiting, and mental confusion. 

A few weeks prior to admission, a mild left 
hemiparesis had gradually developed. 

On examination, the patient exhibited a mild 
organic brain syndrome with memory loss 
intellectual and affective dulling, and tendency 
to perseveration. The ocular fundi were nor- 
mal. Except for a left lower facial paresis on 
emotional innervation, cranial nerve function 
was not disturbed. There was a mild left 
spastic hemiparesis, being most noticeable in 
the left eg; also the right lower extremity 
showed slight increase of muscle tone. Diad- 
ochokinesis was slowed in the left hand. Deep 
reflexes were exaggerated throughout, particu 

The right abdominal reflexes were absent, the 
left ones diminished. Rossolimo’s sign was 
present bilaterally, but Babinski’s sign III 


authors have limited their study to the 
pathologic and anatomic aspects of the 
problem and have advanced various the- 
ories as to the pathogenesis of cerebral 
lipoma. 

The purposes of this contribution are (i) 
to survey the extensive literature on 
lipoma of the corpus callosum, (2.) to 
describe its anatomic aspects and (3) 
to discuss certain roentgenologic features 
which may permit one to make the diag- 
nosis of lipoma of the corpus callosum 
i}itra vitam. 

A tabulation of all previously recorded 
cases is included (Table i) and 2 additional 
cases are reported in full to illustrate the 
salient points of the problem. 


* From the Pepartmcnts of Surgery, Roentgenology and Pathology, University of a 

t T his includes the l«o obscn’ations prc'^cntcd to. this'paptr. ' .■* ^ Michigan. 
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Table I 

REPORTED CASES OF LIPOMA OF CORPUS CALLOSUM 


Num- 

ber 

Year 

Author 

Age 

Sex 

Anatomical Findings 

Clinical Findings 

I 

1856 

Rokitansky- 

26 

F 

Pea sized, on posterior part of corpus 
callosum 

None 

2 

1856 

Rokitansky* 

5 

M 

Cylindric lipoma 

None 

3 

1858 

Benjamin* 

3^ 

F 

Cylindric lipoma with calcification 
and ossification; corpus callosum 
atrophic 

Hemiparesis, convulsions 

4 

5 

1863 

1863 

Virchow* 

Virchow'* 

20 

F 

Fat strip on raphe 

Along fornix 


6 

1869 

Parrot* 

2 

F 

Flat lipoma 

None 

7 

1873 

Chouppe* 

45 

i 

F 

Multiple lipomas, one on each side of 
raphe, a third between olfactory 
bulb and midline 

Headaches, vomiting, 

hemiparesis, convul- 
sions, mental changes 

8 

9 

1874 

1887 

Coats* 

Leichtenstern* 

38 

F 

Flat lipoma 

Flat lipoma 

None 

None 

10 

189s 

Pugliese* 

31 

M 

Flat lipoma 

Mental changes 

II 

1897 

Bostroem** 

39 

F 

Lipoma of genu 

None 

12 

1902 

Della Rovere** 

43 

F 

Streak-like 

None 

13 

1902 

Wiirth** 

14 

F 1 

Large ovoid lipoma; corpus callosum 
and left cerebral hemisphere 
atrophic; calcification present 

Mental deficiency, con- 
vulsions, hemiparesis 

14 

1902 

de Steiger’* 

37 

F 

Lipoma of entire corpus callosum; 
separate nodule in choroid plexus; 
calcification 

Mental changes 

15 

1 

1903 

Kirkbride” 

54 

M 

Flat lipoma, connected with choroid, 
plexus; corpus callosum hypoplas- 
tic 

Flat lipoma; 2 nodules in choroid 
plexus 

None 

16 

1904 

Bartel’* 

15 

F 


17 

1905 

Ernst’* 

53 

M 

Flat lipoma with ossification; corpus 
callosum hypoplastic 

None 

18 

1907 

V. Sury’* 

66 

F 

Cap-like lipoma with calcification; 
corpus callosum hypoplastic 


19 

1910 

Abrikossow’® 

3 

M 

Lipoma of corpus callosum; two nod- 
ules in choroid plexus 


20 

1920 

Korner’* 

44 

F 

(Quoted by Krainer) no data avail- 
able 


21 

1921 

Huebschmann** 

3 

M 

Lipoma of genu; posterior half of 
corpus callosum absent 

Mental deficiency, con- 
vulsions 

0 2. 

1928 

Huddleson*’ 

46 

M 

Walnut-sized lipoma on genu with 
calcification; absence of corpus cal- 
losum and septum pellucidum 

None 

^3 

24 

1932 

1936 

Rubinstein- 

Juba** 

30 

F 

Flat lipoma with calcification; sepa- 
rate nodules on choroid plexus; 
partial agenesis of corpus callosum 
and fornix 

Flat lipoma with partial agenesis of 
corpus callosum 

Mental deficiency, con- 
vulsions 


1938 

Gander*' 

29 

M 

Fat strip on each side of raphe 

None 

26 

1938 

Fattovich** 

75 

F 

Flat lipoma over entire length of 
corpus callosum 

Senile psychosis, prob- 
ably unrelated 

27 

1945 

Ehni and 
Adson** 

18 

F 

Ovoid lipoma at anterior part of cor- 
pus callosum; partial agenesis of 
corpus callosum 

Convulsions; calcification 
visible on roentgeno- 
gram. Operated on as 
brain tumor. Autopsy 
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Table I — Continued 


Num- 

ber 

Year 

Author 



Anatomical Findings 

Clinical Findings 

28 

' 194s 

1 

Ehni and 
Adson^® 

16 

F 

Posterior part of corpus callosum 


29 

1 ^945 

1 

List, Holt and 
Everett, 

Case 1 

44 

M 

1 

1 

Ovoid lipoma in region of genu; pos- 
terior part of corpus callosum ab- 
sent; calcification 

Headaches, convulsions, 
hemiparesis. Lipoma 
surgically removed. 

Died 5 months later. 
No autopsy 

30 

1945 

List, Holt and 
Everett, 

Case n 

3 

days 

F 

! 

Cap-like, covering entire length of 
hypoplastic corpus callosum; sepa- 
rate nodules in choroid plexus; cal- 
cification in adjacent brain tissue; 
septum pellucidum absent; mal- 
formed cortical convolutions; lum- 
bosacral myelomeningocele; sub- 
ependymal heterotopias of gray 
matter in lateral ventricles 

Ruptured lumbosacral 
myelomeningocele with 
paralysis of lower ex- 
tremities; hydroceph- 
alus 


negative. No sensory changes were elicited. 
The gait was mildly hemiparetic on the left. 

Electroencephalography revealed a gener- 
alized epileptoid pattern with occasional bi- 
lateral discharges from the anterior temporal 
regions. This was interpreted as an indication 
of a deep lesion in the forebrain. 

Roentgenograms of the skull showed per- 
sistence of the frontal (metopic) suture and 


$ 






Fig. I. Case 1. Roentgenogram of skull in front.al 
projection show ing two crescentic lines of calcifica- 
tion outlining the lijxima. Note persistence of mid- 
frontal suture and undeveloped frontal sinuses. 



projec ion. Area of increased radiolucency in mic 
frontal region indicates lipoma (tetonched). 

tions disclosed twrcfe^ertk calc!™ de^i! 

portion of the posterior frontal area (Fig 2) 
Ventriculograms suggested tlmr 1 J' ■ 
portions of the lateral Site™ 
a midlme mass, the nerioherxe i?- c 
partially outlined by the e!lcifiLloi;''d2ribe“< 
■ The posterior portions of i-lio i 
ventricle, „re moderately dilated and th 
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Fig. 3. Case 1. Ventriculogram in frontal projection 
showing the frontal horns of lateral ventricles 
separated by lipoma. The dilated third ventricle 
appears elevated due to agenesis of the corpus 
callosum (slightly retouched). 

slightly enlarged third ventricle was displaced 
upwards (Fig. 3). 

The diagnosis was made of a partially calci- 
fied tumor in the frontal midline area, as- 
sociated with agenesis of the corpus callosum. 
A congenital lesion such as a lipoma, dermoid or 
complex teratoma was suspected. Exploration 
was decided upon because the patient’s symp- 
toms were progressive. 

Operation was performed on August 25, 
1944. Avertin-intratracheal ether anesthesia 
was used. A large right frontal osteoplastic flap 
was turned, crossing the midline to obtain 
adequate access to the region of the corpus cal- 
losum. After coagulation and sectioning of 
several veins connecting the frontal lobe with 
the superior sagittal sinus, and, after splitting 
of the falx, the midline structures could be 
clearly exposed. The posterior part of the corpus 
callosum was absent and instead, there was 
an opening leading into the lateral ventricles, 
covered only by arachnoid. The anterior part 
of the corpus callosum was replaced by an 
ovoid, encapsulated yellow tumor, the size of a 
large plum. It had the gross appearance of a 
lipoma. Demarcation from the frontal lobes was 
sharp. Both of the rather large anterior cerebral 
arteries and their branches were incorporated 
in the tumor capsule. The attempt to dissect 
the tumor /« toto had to be abandoned because 
both anterior cerebral arteries deeply pene- 


trated the growth. In an endeavor to save these 
vessels, the tumor was removed piecemeal, yet 
eventually it became necessary to clip the right 
anterior cerebral artery and also some branches 
of the left. After the inner core had been exca- 
vated, the firm capsule with its areas of calcifi- 
cation was removed from both frontal lobes. 
Following complete extirpation, it was realized 
that the tumor had replaced the knee of the 
corpus callosum and septum pellucidum, ex- 
tending basally to the supraoptic area and 
posteriorly into the frontal horns of both 
lateral ventricles. After carefully establishing 
hemostasis, dura, pericranium, galea, and scalp 
were closed in layers with silk sutures. 

Histopathologic examination proved the re- 
moved tissue to be a mature, encapsulated 
lipoma, containing many arteries and veins. 
Scattered calcium deposits resembling psam- 
moma bodies were present in the adjacent 
brain and also in the connective tissue strands 
of the lipoma (Fig. 4). 

The postoperative course was grave. For the 
first four days, the patient was comatose. His 
rectal temperature fluctuated between 102 and 



Fig. 4. Case i. Histopathologic picture of operative 
specimen showing mature lipoma with large blood 
v’essels, pial capsule and areas of calcification in the 
adjacent brain tissue. 
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104°F.j respirations between 36 and 44, and he 
hiccuped frequently. When consciousness began 
to return on the fifth postoperative day, com- 
plete right hemiplegia and paresis of the left 
leg were noted. It was assumed that, due to the 
surgical manipulation, thrombosis of both 
anterior cerebral arteries had occurred with re- 
sulting extensive softening, especially of the 
left cerebral hemisphere, and damage to the 
hypothalamus. In the course of several weeks, 
however, a gradual improvement took place 
and the temperature became normal. 

On discharge six weeks after operation, the 
patient presented a profound organic brain 
syndrome with generalized psychomotor ak- 
inesis. Speech was monosyllabic and reiterative. 
A right-sided pyramidal-extrapyramidal hemi- 
paresis was present, especially in the lower 
extremity, and also a slight paresis of the left 
leg. Bilateral forced grasping was noted. The 
patient was incontinent of urine. He could walk 
by himself, but with a bilateral spastic “marche 
a petit pas.” 

Three months later, he began to deteriorate 
gradually, both mentally and physically, and 
developed fever. He was then admitted to 
another hospital where he showed signs of 
progressive cerebral thrombosis or possibly late 
intracerebral infection. He died there, five 
months after the original operation. Unfortu- 
nately autopsy was not obtained. 

Case ii. A female infant (No. 51464a), aged 
thirty-six hours, was brought to the University 
Hospital on October 26, 1942, because of 
myelomeningocele. She had been delivered by 
cesarean section at another hospital. Examina- 
tion revealed slight enlargement of the head 
(14 inches in circumference) with widely open 
fontanelles. There was a large lumbar myelo- 
meningocele which had perforated spontane- 
ously and drained spinal fluid. Both lower 
extremities were flaccid and completely para- 
lyzed. 

The infant was in poor condition throughout 
her stay in the hospital and she died on the 
third day. Permission for autopsy was ob- 
tained. 

Autopsy. The pathological changes were 
mund to be confined to the nervous system. 
There was a ruptured myelomeningocele (2.25 
b) 5 cm.) extending from the lumbar area to 
the sacrum, with acute purulent inflammation 
at Its upper pole. 



Examination of the brain showed the cor 
volutions to be small and malformed. In corom 
sections, the cortex was thinned and th 
lateral ventricles moderately dilated. Th 
corpus callosum was replaced by a yellowis 
gray mass, measuring 2 by 2,25 cm. in the re 
gion of the genu and tapering posteriorly t. 
by 1.25 ern in the splenial region (Fig^ r' 

Tim septum pellucidum was absent. 

The fornix appeared to be incorporated i, 
the tumor Gray, .pea-sized nodules were see! 

thrfat^ r posterior horns o 

t^he lateral ventricles. All other parts of th. 

bram md the rest of the body wer"e essentiat 

Microscopic Examination. There was acut( 
purulent inflammation of the spinal cord Tn 

of the ce,.bX„T*fa r""'" 

topic islands of gray matter Th 

of only a few 'ZTt™* 
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Fig. 6. Case ii. Stained coronal section through cal- 
losal region at low magnification showing the rela- 
tion of central lipoma to the underlying hypo- 
plastic corpus callosum. 

crossing in the region of the genu and splenium. 
The remainder was replaced by a vascular 
lipoma made up of fat cells of adult type (Fig. 
6). Two rather large vessels, apparently the an- 
terior cerebral arteries, passed directly through 
the center of the tumor. There were areas of 
calcification in adjacent brain tissue. The 
cerebellum was poorly developed. The fornix, 
basilar ganglia, and medulla were normal. 

1 . ANATOMIC CONSIDERATIONS 

A. Macroscopic Anatomy. A lipoma of 
the corpus callosum is always situated on 
its dorsal surface and closely follows the 
contours of that structure. Most fre- 
quently, the tumor occupies the anterior 
part of the corpus callosum; less often it 
covers the entire length, or shows its 
greatest development in the splenial re- 
gion. Since the lipoma is located beneath 
the leptomeninges, the arachnoid or pia of 
the sulcus corporis callosi forms what 
appears to be the capsule of the lipoma. 
Consequently, both anterior cerebral ar- 
teries are incorporated in the growth or 
its arachnoidal covering, sending many 
branches into the interior. The lipoma 
forms either an ovoid mass or a thin, 
streak-like layer; in some instances, it 
consists of two longitudinal columns w'ith 
a central groove, corresponding to the 
median raphe. Anteriorly located lipomas 


may extend to the lamina terminalis and 
involve the septum pellucidum and fornix. 

There is considerable variation in size, 
the largest callosal lipomas observed at- 
taining nearly the size of a hen’s egg; the 
smallest, that of a pea. Occasionally, ad- 
ditional separate small lipomatous nodules 
were observed in the plexus choroideus 
(Rubinstein,^^ Abrikossow,^® Bartel,'^ de 
Steiger, our Case ii) or in the region of the 
olfactory nerve (Chouppe).® 

Most lipomas of the corpus callosum are 
perfectly demarcated from adjacent struc- 
tures of the brain. In rare instances 
(Huddleson),^^ they may give the appear- 
ance of infiltration into cerebral tissue. 
Calcification or even ossification occurs 
frequently (cases of Benjamin,® v. Sury,^’ 
de Steiger,^® Ernst,^® Rubinstein,®® Huddle- 
son,®‘ Wiirth,^® Ehni and Adson,®® our 
cases). The calcium deposits may be 
macroscopically visible. They are found 
mainly in the peripheral portions of the 
tumor, its capsule or adjacent cerebral 
tissue. In Benjamin’s® exceptional case, the 
entire central core of the lipoma consisted 
of an osseous mass. 

B. Histopathologic Stj-uctiire. The micro- 
scopic picture of cerebral lipoma does not 
differ from typical mature lipoma or 
fibrolipoma found in other parts of the 
body. Histopathologic evidence of malig- 
nancy, such as infiltration, excessive mi- 
toses, or atypical cells are absent. The 
occasional presence of young mesenchymal 
cells in the peripheral zone or capsule 
(Huddleson)®^ does not necessarily mean 
active infiltrative proliferation, but may be 
a secondary reparative reaction of the 
damaged surrounding brain tissue.* 

Cerebral lipomas never contain neural 
elements except those which originate from 
the neighboring brain and become ac-- 
cidentally included. It is also worthy of 
mention that dermal structures or cuta- 
neous appendages never have been ob- 
ser\’'ed in cerebral lipomas. Calcium de- 
posits may occur in the lipoma and 
adjacent brain as amorphous concrements, 

* Analogous changes arc found in the marginal zone of menin- 
giomas. 
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as concentrically arranged bodies resem- 
bling psammoma bodies, or as islands of 
true bone. This calcification is generally 
interpreted as evidence of retrogressive 
change. 

C. Associated A^ipmalies. Lipoma of the 
corpus callosum is often combined with 
other developmental anomalies of both the 
central nervous and skeletal systems. It is 
not surprising to find the lipoma associated 
with a defect of the corpus callosum. Total 
absence of this structure was observed by 
Wiirth,^^ Huddleson^’- and by us (Case 1); 
partial agenesis was noted by Benjamin/ 
V. Sury,^^ Juba,^^ Huebschmann,^” Rubin- 
stein/^ Ehni and Adson,^® and by us (Case 
n). In Huddleson’s case and our observa- 
tions, the septum pellucidum was also 
absent, and in Rubinstein’s case the 
fornix was hypoplastic. The question arises 
whether the defect of the corpus callosum 
is primary and leads to a compensatory 
formation of fatty tissue, or whether 
agenesis of the corpus callosum is secondary 
to the presence of the lipoma. Most evi- 
dence favors the latter view, viz., that the 
lipoma develops at a very early embryonic 
period and interferes with the formation of 
the interhemispheral commissural system 
during the third and fourth fetal months. 
The callosal fibers then become deflected 
and instead of following their normal 
transverse direction, form a longitudinal 
fascicle (so-called “Balkenlangsbundel” of 
German authors). Since the corpus cal- 
losum develops in an anteroposterior direc- 
tion, the presence of a lipoma inhibits 
formation of its posterior portion. 

Other associated abnormalities of the 
brain have been found, such as atrophy of 
one hemisphere (Wurth)^- and malforma- 
tion of the cortex (our Case ii). 

It seems to us of significance that the 
skeletal deformities occasionally associated 
with lipoma of the corpus callosum belong 
to the so-called dysraphic state. In our 
first case, there was persistence of the mid- 
frontal suture; in the second case, lumbo- 
sacral spina bifida and myelomeningocele 
were present. Huebschmann’s"® patient had 
a funnel chest. A most unusual observation 


of Arnold^^ may be mentioned here, be- 
cause it illustrates the combination of 
lipoma, dysraphic disorder and agenesis of 
corpus callosum in a nine-month-old boy: 
A large extracranial lipoma of the frontal 
region extended through the anterior fon- 
tanelle and gaping mid-frontal suture, and 
through a dural opening, into the cranial 
cavity. The tumor continued between both 
frontal lobes into the ventricular space. 
Corpus callosum, septum pellucidum and 
fornix were present. 

jD. Pathogenesis. Various theories con- 
cerning the morphogenesis of cerebral 
lipoma will now be reviewed in the light of 
available anatomic and embryologic evi- 
dence. It had been assumed that cerebral 
lipoma might develop by hypertrophy from 
pre-existing fatty tissue of the meninges 
(Virchow),^ or possibly by transformation 
or metaplasia of meningeal connective 
tissue (Pugliese),® but these theories are 
now considered as untenable. 

Recognizing its dysontogenetic charac- 
ter, Bostroem^® grouped cerebral lipoma 
with intracranial dermoid and epidermoid. 
He regarded all these lesions as heterotopic 
malformations of dermal origin and as- 
sumed that either the ectodermal elements 
of the original dermal anlage had disap- 
peared, thus leaving a residual lipoma, or 
that only a few cells of the dermal anlage, 
with potentiality of differentiating into a 
lipoma, were displaced. Bostroem’s hy- 
pothesis explains well the predilection of 
cerebral lipoma for midline structures, but 
it fails to account for the complete absence 
of dermal elements in these growths. 

Verga“® and Kraineri, whose theory ap- 
pears to be most acceptable to us, consid- 
ered cerebral lipoma as a tumor-like mal- 
formation, derived from the primitive 
meninx. Krainer stated that, as a rule, the 
hpoma occurs in the leptomeningeal cis- 
terns (e.g., the cistema corporis callosi) and 
m the tela choreoidea. He also emphasized 
the fact that the hpoma respects meningeal 
and neura structures and thus behaves 
like a malformation rather than a true 
neoplasm. If there is maldifferentiation or 
persistence of the primitive mesenchymal 
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reticulum surrounding the meningeal ves- 
sels, a lipoma may develop instead of the 
normal, fluid-containing leptomeninges. 
This concept agrees well with Wasser- 
mann’s"® fundamental work on the develop- 
ment of adipose tissue. According to this 
author, mature fatty tissue is derived 
from primitive perivascular reticulo- 
endothelium which, instead of subserving 
hematopoietic function, becomes special- 
ized in the storage of fat. Since the peri- 
vascular reticulo-endothelium is ubiquitous 
and thus present in the primitive meninx, 
the formation of a pial lipoma can be easily 
explained. On the other hand, the rarity of 
cerebral lipoma and its selective location 
suggests the presence of additional local 
factors which are probably determined by 
developmental faults of the nervous sys- 
tem. Ehni and Adson^® attributed the 
formation of lipomas (especially those of 
the spinal cord) to developmental dis- 
turbances of the neural crest. The frequent 
occurrence of cerebral lipoma in or close 
to the midline may be explained by a 
disturbed closure of the neuraxis in the 
posterior midline, associated with mal- 
differentiation of the primitive meninx. 
In other words, a dysraphic disorder is 
often an associated, if not predisposing 
factor for the formation of a lipoma. 

II. CLINICAL CONSIDERATIONS 

A. Incide77ce. Cerebral lipoma has no 
preference for sex or age. Its occurrence in 
early childhood is further evidence of its 
dysembryonic character. That lipoma has 
been incidentally encountered at autopsy 
in very old persons proves that it does not 
possess the active growth tendency of true 
neoplasms. 

B. Clinical Symptomatology. Little is 
known about the clinical symptomatology 
of lipoma of the corpus callosum. The scar- 
city or even total absence of clinical symp- 
toms and signs is not surprising, considering 
the small size of some of these lesions, their 
congenital origin, and lack of expansive 
growth. On the other hand, they may in- 
terfere with the circulation in both anterior 
cerebral arteries and thus cause clinical 


symptoms. In some patients (Benjamin,® 
Chouppe,® Wurth,i 2 Huebschmann,®® 
Rubinstein,^® Ehni and Adson,®® and our 
own), mental changes, convulsive attacks 
and hemiparetic signs were reported. In 
our Case i, motor jacksonian attacks with 
bilateral mild hemiparetic manifestations 
presented suggestive evidence of a para- 
sagittal, possibly callosal, lesion with in- 
volvement of both frontal lobes. The 
syndrome was not clear cut, however, and 
did not correspond to the symptom com- 
plex of a vascular lesion of the anterior 
cerebral arteries. Signs of increased intra- 
cranial pressure reported by Chouppe® are, 
as a rule, absent, even though the lipoma is 
of sizable proportions. 

It is certainly impossible to diagnose 
lipoma of the corpus callosum from clinical 
evidence alone, and its uncharacteristic 
symptomatology permits no clinical differ- 
entiation from cases of agenesis of the 
corpus callosum. It is therefore, fortunate 
that certain roentgenologic features of 
these lesions are so highly characteristic 
that in some instances, at least, a definite 
diagnosis during life is possible. 

C. Roe77tge7tologic Aspects. So far as we 
have been able to determine, the recent 
publication of Ehni and Adson®® is the only 
one mentioning roentgenologic signs as- 
sociated with lipoma of the corpus cal- 
losum. Sosmairi® presented the findings in 4 
patients in whom he had made the diag- 
nosis of such abnormality, but as yet his 
report has not appeared in print.* 

Because the roentgen-ray coefficient of 
fat is appreciably less than that of any 
other body tissue, fat will be represented 
in the roentgenogram as a zone of increased 
radiolucency. In the case of a sizable 
intracranial lipoma, the tumor will reflect 
itself as a well demarcated area of decreased 
density standing out clearly against the 
denser background of the cranial vault. 
Ehni and Adson®® did not mention this 

• Sosman also described the roentgen signs of caHosal lipoma 
in the discussion of a paper entitled ‘‘Midline .'\nomalies of the 
Brain” by A. P. Echternacht and J. .'i. Campbell. This paper was 
presented at the Joint Meeting of the American Roentgen Ray 
Society and the RadiologicalSociety of North America in Chicago, 
III., Sept., 1944. (Raiiiolo^y, Feb., 1946, 46, 119-131.) 
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feature although it appears to be present 
in reproductions of roentgenograms used 
to illustrate their article. 

Calcification or ossification of a lipoma 
may partially or entirely obscure the 
characteristic radiolucency of the fat cells, 
but if this calcium deposit outlihes the 
smoothly rounded periphery of the tumor, 
it furnishes another clue to the type of 
lesion present. In one of our patients 
(Case i), the crescentic outer margins of 
the calcified tumor capsule were clearly 
discernible in sagittal projections of the 
skull, but no central zone of decreased 
density due to the presence of fat was 
evident (Fig. i). In lateral projections of 
the same skull, however, the calcium 
deposits were too thin to be recognizable 
and the lesion was represented by a zone of 
increased radiolucency. Admittedly, this 
feature was seen only in retrospect (Fig. 2.). 

As previously stated, intracranial lipoma 
commonly arises in the anterior portion of 
the corpus callosum and is frequently 
associated with agenesis of the posterior 
portion of that structure, another condi- 
tion in which diagnosis during life is pos- 
sible only by employment of roentgenologic 
methods. Davidoff and Dyke^^ were the 
first to describe the characteristic en- 
cephalographic findings in agenesis of the 
corpus callosum and they especially em- 
phasized the concavity of the mesial 
margins of the widely separated lateral 
ventricles as an important diagnostic sign. 
This feature is even more pronounced when 
an associated space-occupying lipoma is 
present (Fig. 3). One should not assume 
that these two lesions are always co- 
existent. Only a minority of the verified 
cases of lipoma showed agenesis of the 
corpus callosum. Bunts and Chaffee^" re- 
viewed 15 cases of agenesis of the corpus 
callosum discovered by roentgenographic 
means. The diagnosis was confirmed by 
craniotomy in at least 5 of these patients, 
but no reference was made to the presence 
of an associated lipoma in any of them.* 

To recognize the roentgen signs of lipoma 

One of our own ob';cp\’ations of caliosal accncsis was surgical- 
ly vcrificti but no lipoma was present. 


of the corpus callosum, one must be con- 
stantly on guard to identify intracranial 
calcification and, more importantly, to 
prevent mistaking the pathognomonic zone 
of radiolucency for an area of bone erosion 
or even a fortuitous overlapping of promi- 
nent digital markings in the cranial vault. 
Since the density of air and of fat is almost 
identical, pneumoencephalography, so es- 
sential in the diagnosis of associated 
agenesis of the corpus callosum, is indicated 
only after plain skull roentgenograms have 
been obtained. 

D. Neurosurgical Aspects. It is evident 
that lipoma of the corpus callosum is 
seldom, if ever, amenable to neurosurgical 
treatment, and only 1 cases of surgical 
removal are on record (Ehni and Adson,^® 
and our Case i). Although the excision of an 
ovoid or globular lipoma is technically 
possible, the crux of the situation lies in the 
fact that both anterior cerebral arteries 
are firmly embedded in the capsule or in 
the anterior of the tumor. Injury to these 
vessels is almost unavoidable when ex- 
tirpation of the lesion is attempted. The 
resultant grave disturbances due to ligation 
or thrombosis of these vessels are well 
demonstrated by the postoperative course 
both in Ehni and Adson’s patient and our 
Case 1. Ehni and Adson’s patient died a few 
days after operation. In our own observa- 
tion, the postoperative sequelae reduced 
the patient to a hopeless “brain cripple” 
and eventually led to his death five months 
later. The operation was undertaken be- 
cause no accurate diagnosis was made as 
to type of tumor, and the important rela- 
tionship of the anterior cerebral arteries to 
the tumor was not clearly realized pre- 
operatively. We wish to state, therefore 
that surgery is contraindicated if the 
diagnosis of lipoma of the corpus callosum 
can be made preoperatively. 


The literature on lipoma of the corpi 
callosum IS surveyed and two case repor 
are added. ^ 

The anatomic features of these lesior 
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are described and their pathogenesis dis- 
cussed. 

Even though the clinical symptomatol- 
ogy is not pathognomonic, the diagnosis of 
lipoma of the corpus callosum can oc- 
casionally be made during life by roent- 
genographic means. The roentgenographic 
signs consist of increased radiolucency of 
the tumor, calcification, demonstration of 
an expanding mass in the anterior part of 
the corpus callosum and agenesis of the 
posterior portion of this structure. 

Surgical treatment of lipoma of the 
corpus callosum is contraindicated. 
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INTRODUCTION 

TT IS with a great deal of pleasure that I 
accept the honor of giving the Pancoast 
Lecture, because I doubt if any man had 
a higher regard for the personal or masterly 
qualities of mind and a greater capacity 
for friendship than Dr. Pancoast exhibited. 

If it be true that we stand on the 
shoulders of those who have preceded us, 
certainly we who practice radiology should 
have a far vision, having stood upon the 
broad shoulders of Henry Pancoast. Not 
only was he large in stature but also in the 
breadth of his vision and the application of 
his active mind toward the solution of many 
of the problems which daily confront the 
radiologist. He exhibited a fine discrimina- 
tion between merit and pretense, as shown 
by the type and quality of young men with 
whom he surrounded himself. He was a 
particular friend of the younger men in 
radiology and at any of the annual meet- 
ings one would see him in the center of such 
a group who were eagerly asking questions 
and receiving helpful answers. He was a 
man not given to flattery, and he accepted 
It with ill grace, and I am sure that if he 
^\ere lere this evening he would care much 
ess for tile plaudits bestowed upon him 
than for the subject of the discussion. He 
was interested in the larger aspects of 
radiology as well as its minutiae, and it is 
with the latter that we are concerned in 
the topic for this evening, namely, “Neiver 
Livest^ations of Radiation Effects and 
1 heir Clinical Applications.” 

^Mien one speaks of “newer investiga- 
tions of radiation” today, it is usually 
safe to assume that he means the amazing 
developments of modern nuclear physics 


and artificial radioactivity. It is well to 
remember, however, that this is only one 
branch of atomic physics, and that another 
branch leading to advancement in radia- 
tion therapy has been progressing rapidly. 
In addition to fundamental physics, the 
advancements in technology today have 
put into our hands the means of under- 
standing and making use of for the first 
time facts that may have been known in an 
inexact way for many years, as well as the 
means for gaining new facts. At the same 
time,^ there have been great advances in 
chemistry and physiology, without which 
the new fundamental knowledge of physics 
could not be integrated into an advance in 
medicine. Thus, as always, if science pro- 
gresses at all, it progresses not in individual 
pieces, but as an integrated wEole. 

The age of advancement in the field of 
radiation therapy, which had its begin- 
nings in the labors of Pfahler, Pancoast 
and other scientists, is therefore far from 
ended. Today the radiologist is more than 
ever able to take all of the related researches 
from_ the fields of physics, chemistry and 
physiology, to correlate them, and to use 
them to build further knowledge on the 
foundation laid by these men 

When a patient is treated with a beam 
of radiant energy, nothing will happen 
unless some part of that energy 
sorbed. It will be absorbed in part by both 
the normal structures of the body and bv 
the disease process under treatment The 
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explanation. In that year, Dessauer pub- 
lished his “point heat hypothesis” accord- 
ing to which absorption of radiation is 
discontinuous^ the energy ultimately be- 
coming concentrated in a comparatively 
few discrete entities, within the cells. Only 
the energy liberated at these points was 
thought to cause any discernible effect 
through the relatively enormous amount 
of heat produced, whereas the energy 
absorbed elsewhere was considered to be of 
negligible biological significance. Since then, 
the point heat theory has been consider- 
ably expanded, and Crowther in 1938, on 
the occasion of the Twentieth Sylvanus 
Thompson Memorial Lecture, by cor- 
relating the newer findings, developed the 
so-called “target hypothesis.” This theory, 
too, focuses attention on the discontinuous 
nature of roentgen- ray absorption and 
assumes that action takes place whenever 
one of the biological structures is “hit” by 
the radiation. But the “hit” is interpreted 
as the liberation of a pair of ions anywhere 
within the sensitive target area. Other 
investigators have given still different 
meaning to the word “hit,” such as the 
absorption of a photon or, passage of an 
electron through some sensitive area. 

In contradistinction to this discontin- 
uous “point” or “hit” effect of the roentgen 
ray on biological objects, an action of a 
more generalized nature was assumed by 
adherents of a second theory which is most 
commonly known under the name of 
“poison theory.” The general action was 
attributed to a photochemical effect of the 
radiation on the nucleus, leading to con- 
centration of a certain poisonous material 
which through diffusion produces injury 
or death of the entire cell. Failla, in 1937? 
advanced the so-called “fluid flow theory,” 
which also assumes a general effect through 
change in the ratio of the “radio ions” 
(rather than electrolytic ions) and the 
photochemical products on two sides of 
cytological membranes, thus creating a 
fluid flow which leads to change of cell 
properties. 

In the following, certain experimental 


data will be presented which aid in throw- 
ing additional light on the mechanism of 
the biological activity of the roentgen rays 
leading us a few steps farther toward the 
final solution of the problem which, I am 
confident, one day must come. Perhaps 
it may not be out of place to re-emphasize 
here a fact known to all of us, that the 
human cell constitutes one of the most 
intricate of all biological objects. It may 
be best construed as a system in which 
hereditary elements guide various types 
of physicochemical activities, depending 
on the influence of the environment. The 
hereditary elements are contained in the 
nuclear material and, according to Hen- 
shaw, are believed to represent specific 
entities located in linear arrangements 
along the chromosomes in a manner re- 
sembling beads on a string. Each entity, 
or gene, may change the course of life of the 
cell and, if the action of the roentgen rays 
injures them, multipolar cell divisions may 
be the result, with early death in the cell 
progeny. 

The environmental factors may be lo- 
cated within the cell in the cytoplasm or 
without in the surrounding fluid. In both 
instances, through a diversity of physico- 
chemical reactions, they may incite the 
hereditary mechanism, setting in motion 
particular phases of activity in which the 
cellular membrane must play an important 
role. Therefore, in studying the radiation 
effect on the cells, it seems worth while to 
pay special attention to certain physico- 
chemical reactions which may influence the 
equilibrium between the intra- and extra- 
cellular medium, as well as to the function 
of the interlying membrane. Our experi- 
ments are in connection with such phases. 

In one series, solutions of proteins, 
similar to those which were thought to 
constitute the most essential elements of 
our cells, were subjected to roentgen 
irradiation and studied for a breaking up 
of their molecules by measuring the osmotic 
pressure of the solution. The pressure so 
obtained is actually characteristic of two 
things, the number of particles of the solute 
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in the solution, and the character of the changes rather easily with changes in phys- 
membrane. A truly semipermeable mem- ical state. Hence, a considerable amount 
brane must, of course, be completely of development work was necessary. 


permeable to the solvent, and completely 
impermeable to the solute. Such a mem- 
brane is also permeable to the ions of 
electrolytes, and it must be expected that 
in the case of a protein being broken down 
to low molecular weight amino-acids, or of 
amino-groups being broken off to form 
ammonium salts, these ions will penetrate 
any membrane which will hold the protein 
molecules and still be permeable to elec- 
trolytes. The direct measurement of os- 
motic pressure to any high degree of ac- 
curacy has always been attended with so 
much difficulty that most investigators 
have preferred to calculate this value from 
some more reasonably simple physical 
measurement such as the freezing point. 
For our purposes, none of these indirect 
methods would suffice, due to the funda- 
mental nature of protein solutions, which 
undergo denaturation or other serious 
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The final outcome was an osmometer, 
similar in outward form to the one de- 





ostiowercie one 


Fig. 2 

yeloped by Frazer and Myrick, but differ- 
ing m a number of important respects 
This instrument, which in actual use works 
inside of a constant temperature apparatus 

Int™ 1 dis-a"sLmbled 

in 1 igure I. The porous cup, which carries 
the membrane, is made of sillimanite and 
fired to the hardness of a sparkplu" On 
the outer surface of this cup the mL W 
which may be copper ferrocyanide viscose 
or other material, is deposited 'by the 
appropriate method. The body of the Ip! 
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paratus is a heavy brass shell, from the 
top of which a capillary manometer pro- 
jects. The arrangement of the parts is 
shown in Figure 1 , which is a cross sectional 
drawing. It can be seen that the volume 
of solution required is reasonably small, 
and particularly that the change in volume, 
and, therefore, the dilution error, is ex- 
tremely small in proportion. A typical pair 
of curves for an experiment with this 
apparatus is shown in Figure 3. In this 
case, a l per cent solution of egg albumin 
in distilled water was irradiated with 
lijooo roentgens at 550 kilovolts. This is, 
of course, a rather heavy dose of radiation 
but the change in osmotic pressure is 78 
per cent, which is a rather startling amount. 
It is, however, in proportion to the dosage 
administered. A second osmotic pressure 
apparatus was used, this one built accord- 
ing to a design given us by Bourdillon, and 
using some special membrane material of 
a protein composition which he supplied 
to us. The advantage of this equipment is 
that it requires only a few drops of solution 
and works fast. It giv'^es excellent results, 
and with the same membrane material will 
duplicate the results of the high pressure 
apparatus. The construction of the in- 


strument is shown in Figures 4 and 5. This 
instrument was used with a different mem- 
brane, and the results shown in Figure 6 
were obtained. At first glance, it might 
appear that some error has occurred, since 
the osmotic pressure of the irradiated 
solution is about 45 per cent lower than 
that of the unirradiated control. The ex- 
planation is quickly found, however, when 
the outer fluid is analyzed, for it contains 
the missing portion of the nitrogenous 
material. In other words, the osmotic 
pressure continued to rise, until the break- 
down of the albumin reached a critical 
point. From this moment on, the mem- 
brane became permeable to the new 
chemical products, and the osmotic pres- 
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sure started to decrease. A biological 
similarity is perhaps represented in the 
next two illustrations, which are stained 
sections from the brain of a dog. He lived 
for four days following the irradiation, and 
died in status epilepticus. The first (Fig. 7) 
is a specimen taken from an irradiated 
area in the motor cortex of this dog. The 
brain shows numbers of appreciably swol- 
len cells. This intracellular edema dem- 
onstrates that the osmotic pressure within 
the cell has increased. The next illustration 
(Fig. 8) shows another section from the 
same dog, but at a point where the dosage 
was slightly larger, and here there are cells 
of exactly the same type and the same 
cortical layer, but this time, decidedly 
pyknotic. Originally, we thought that 
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I'JO. 5. Reproduced by permission from Bourdillon.' 



Fig. 6 


tnese shrunken cells were the result of 
rupture of the cell membranes. But cells 
which have ruptured, probably due to 
excessive internal pressure, are easily 
found in these specimens and have cjuite 
a different appearance. The large pyknotic 
Betz cells shown here are not ruptured for 
there is no chromatin matter outside’ the 
cell, and the walls themselves are con- 
tinuous. We are led to believe, then, that 
a portion of the protein material within the 
cells was broken into such small fragments 
that the osmotic membrane of the cell wall 
could no longer hold them, as in the case 
of the laboratory experiment, or that the 
cell wall Itself was affected. 

Obviously, when we irradiate a bio 
logical system, we must bombard all of the 
parts simultaneously. Hence, the semi 
permeable membranes which are theTe 1 
walls are affected at the same time as 
the protein material whieh they contein 
Therefore, osmotic changes may resik 
from injury to the cell wall rather than 
from Injury to the contents. 



Lawrence 

This leads us to the second group of 
experiments, which are in connection with _ 
situations similar to those observed in cell 
membranes. Figure 9 shows a mono- 
molecular layer of lipoid material prepared 
on the surface of water and exposed to only 
600 r of 5^0 kv. radiation. In this case, the 
radiation enters through the bottom of the 
thin aluminum pan and passes through a 
2 centimeter layer of water before hitting 
the monolayer. In this way, the beam is 
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brought to equilibrium with its secondary 
electrons. It can be seen at once that the 
beam, which entered through a small 
square portal under the pan, has im- 
printed itself clearly on the monolayer on 
top of the water. 

Monomolecular layers which are exposed 
to water on one side and air on the other, 
and then irradiated in the laboratory, show 
different degrees of reactivity, depending 
upon their own chemical nature. The layer 
shown, which broke up under the influence 
of a very small dose of radiation, was 
prepared from the highly unsaturated 
lipoid material present in lanolin. A similar 
monolayer prepared from a completely 
saturated and highly unreactive substance, 
such as stearic acid, requires a much 
greater dosage before it shows any change. 


Reynolds 1945 

It is also true that the exact physical state 
of the monolayer greatly affects its reac- 
tion and that, under some circumstances, 
reactions may be delayed so that their 
results appear only after the passage of 
time. Stenstrom and Vigness, in 1938, 
showed that when a drop of oil was placed 
on the surface of water and irradiated, it 
tended to spread out over the surface, and 
they showed further that this effect con- 
tinued after irradiation was stopped, in 
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some cases for at least twice as long as the 
time that the beam was on. Langmuir later 
showed that this was probably a direct 
oxidation effect. An example of such an 
effect is shown in Figure 10. In this case, 
the monolayer is like the preceding one, 
except that it is under somewhat greater 
pressure and was irradiated upon its upper 
surface. A dosage of 600 r of 550 kv. radia- 
tion was administered without any ap- 
parent effect. Twenty minutes later, the 
layer broke away, leaving an opening 
slightly smaller than the beam, but of 
precisely the same shape. 

At the present time, the most important 
concept in quantitative biology is the idea 
of orientation of the protein and lipoid 
molecules; and this concept, for the first 
time, gives us a chance to understand the 
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biological action of radiation. Let us, 
therefore, consider the manner in which 
these molecules tend to orient themselves 
on a surface and form themselves together 
into working structures. For many years 
the exact spatial formulation of the smaller 
molecules, such as the fats and sugars, has 
been known. The work of Emil Fischer, 
and of many other organic chemists start- 
ing in the century just past, has delineated 
these things by a vast series of the most 
ingenious experiments. Only recently, how- 



Fig. 5 

ever, with the development of the precis 
techniques of modern physics, has it bee 
possible to kno\v the spatial configuratio 
of the groups in large chemical molecule' 
If we take a simple aliphatic acid of a typ 
known to be of great importance in th 
body, for example, stearic acid, the organi. 
chemist can tell us that it consists of i! 
carbon, 36 hydrogen and 2 oxygen atom; 
(Fig. n). He can also tell us that it consist 
of I methyl group followed by 16 methvlen< 
groups connected in a long straight chain 
with a carboxyl group on the end. Th< 
straight chain has all of the chemical anc 
physical properties of a piece of paraffin 
while the carboxyl group has the propertie- 
of an acid. Precise physical measurement 
tell us further that the chain is -jS ^ 
Angstroms in length and 4.05 by 3 6 ^ A 




Fig. 


10 


in cross section. In addition, roentgen-ray 
diffraction measurements tell us that the 
distance from any one carbon atom in the 
Cham to the next is 1.54 A., but that two 
succeedmg spacmgs in the chain total 2.54 
A At first glance, this is failure of measure! 
ments to agree among themselves, but far 

the t) pe of discrepancy which delights the 
seeker after exact scientific truth, for it is 
the first clue to new knowledge The 
solution of this particular problem involves 
physical experiments too far afield to be 

'-:i:t”haft&a'“f 

If we take a small quantity of such a 
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substance and place it upon a perfectly 
clean surface of water the end, which is 
water-soluble, will enter into solution; we 
say it is “hydrophilic,” but the “tail” of 
the molecule is definitely hydrophobic, 
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and projects out from the surface. The 
result is a surface like the nap on velvet 
(Fig. 13). These molecules are called 
“polar molecules,” due to the fact that 
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Fig. 13 

they carry a group wfith a strong charge, 
electronegative in this case, on one end. 
They form themselves into monomolecular 
layers at any interface where the conditions 
are such that the polar end can ionize in 
one medium while the inert end is soluble 
in another; in this case, it is a water and 


air interface, but an interface of water and 
oil w'ould serve even better. 

This alignment results in what is actually 
a two-dimensional crystal, and if this is 
true, we should expect the monolayer to 
have a refractive index, and a mechanical 
strength, for the inter-molecular and inter- 
ionic forces in crystals are relatively great, 
and show themselves grossly as resistance 
to cleavage and compression. Such is the 
case with these monomolecular layers. 
Figure 14 shows an apparatus used by 
Langmuir. Weights placed on the pan, P, 
of this apparatus balance the force exerted 
against the monolayer at the bottom. 
Monolayers of different substances, of 



Fig. 14. Diagram of trough . . . showing surface 
pressure balance. Reproduced by permission from 
Langmuir.® 


course, have different amounts of strength, 
just as one crystal may be harder to crush 
than another. 

The facts taught us by the simple mono- 
layer of a fatty acid help greatly when we 
come to consider the proteins. Here again, 
the chemist gave us the first basic informa- 
tion, but his methods could give us the 
precise composition of only the smaller 
molecular components, the amino-acid 
residues, which combine together to form 
great complex chains. These chains have 
molecular weights of the order of 35,000 
and linkages of the greatest complexity. 
Chemical methods are always limited by 
the fact that they include hydrolysis and 
procedures which cause denaturization 
of proteins. They therefore give us the 
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structural building blocks without giving 
a picture of the building itself. Just as in 
the case of the simpler substances, however, 
roentgen-ray diffraction analysis furnishes 
an exact measure of the orderly spacings 
which occur in these molecules, and the 
fact that they form monolayers indicates 
that they consist in their natural state of 
molecular aggregates which can show both 
hydrophilic and hydrophobic groups. Fig- 
ure 15 shows the form of some of the 
amino-acid groups of which these large 
protein molecules are built. The simplest 
one, of course, is alpha-amino-acetic acid 
(glycine). In the chart shown, the hydro- 
philic groups are to the right of the line 
drawn vertically through the molecular 
formulae. A number of very interesting 
things about these hydrophilic groups are 
immediately apparent. In the first place, 
every alpha-amino acid has both a negative 
and a positive group attached to the same 
carbon atom on the end of a hydrocarbon 
chain. Some of the more complicated ones 
also have either a positive or a negative 
one elsewhere in the chain. This gives rise 
to the familiar peptide linkage by means 
of which one of these acids can join with 
another. When we come to consider their 
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solubility in water and their chemical 
behavior, it is obvious that they will be 
attracted differentially by acid or basic 
solutions. Figure 16 gives a diagram of the 
protein chain. Between the two closely 
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Fig. ,6. Diagram of a protein chain. Reproduced by 
permission from Sponsler.w ^ 
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Fig. 1 7. (Top) A model of a polypeptide chain made to 
scale, showing eight amino acid residues. The 
back-bone and t\vo residues are accentuated by 
the heavy lines. The black balls represent carbon 
atoms; those with a central dot, oxygen, and those 
with a central cross, nitrogen. The smaller white 
balls represent hydrogen atoms. (Bottom) An end 
view of a protein model. The vertical thickness in 
the middle is due to the back-bone and is about 
4.5 A. Reproduced by permission from Sponsier.’® 


lies parallel to the surface while the 
hydrophilic groups enter into solution, 
and the. hydrophobic groups are repelled 
upward away from the surface and at 
angles dependent upon their valence link- 
age. Such an arrangement is shown in 
Figure i8, but now, also, there is a new 
situation due to the fact that there are two 
types of hydrophilic groups and also to the 
fact that, as in any straight chain com- 
pound, there can be rotation of side-chain 
groups around the backbone of tlie protein 
molecule. If the pH of the water is decreased 



appearance of this formula. A picture of a 
very accurately made scale model is shown 
in side view and in end view in Figure 17. 
When this molecule is oriented in a mono- 
layer on the surface of water, the backbone 
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Fig. 19. Reproduction of models to show similarity 
of spacing, about 7 A, which may exist between 
the active groups of succinic acid B and the termi- 
nal groups of the two residues arginine and tyro- 
sine on the protein chain, A. Reproduced by per- 
mission from Sponsler.*® 

SO that an excess of hydrogen ions is pres- 
ent, the amino groups will be strongly at- 
tracted while tire carboxyl groups will be 
less attracted. In like manner, if we put 
some substance in water, which has a strong 
attraction for the negative groups, there 
will result a different spatial arrangement 
of the chain. This ability of the protein 
chain to rotate upon itself and orient pos- 
sibly reacting groups together so they may 
combine is of the greatest importance, for 
in this manner not only are chemical 
combinations built up at the interface, but 
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Fig. 20. Reproduction 


similar to that of Figure 19 except 
Reproduced by permission 


that the prosthetic group 
from Sponsler.i® 


is a form of lecithin. 


chemical combinations between molecules Imost important is th'at the three muske- 
SieTted into the same surface also occurj^teers” of the protein chain, the carboxyl 
“rthat unlike the simple monomolecular carbon, the alpha carbon and the ammo 
ayer of the aliphatic acid in which each group, can shed the hydrogens of the ammo 
paraffin chain projected upward like a and the doubly bo^nd oxygen of the 
^ngle thread of silk in the nap of a cloth carboxyl and thereby gam four active 
without relation to its fellows surrounding valence bonds Just how this comes about 
it other than to exert a repelling physical is shown m Figure ai. For convenience 
force upon them, the protein molecules of illustration here we have greatly reduced 
combine themselves together into a con- the scale of the larpr part of the molecule 
tinuous homogeneous sheet. The manner and exaggerated the size of the groups of 
in which this may occur is illustrated in three atoms involved m the reaction. It 
the following photographs of models, for can be seen that when two of these groups 
which we are indebted to Professor Spon- combine they form^the familiar hexagonal 
sler. Figure 19 shows at ^ a part of a 
protein molecule consisting of two amino- 
acid residues, one of arginine and one of 
tyrosine. Reacting groups project to the 
right from the backbone and at 5 a simple 
molecule, in this case succinic acid, joins 
them together. This combining group need 
not be anything as simple as succinic acid. 

It can just as well be two reacting groups 
on the backbone of another protein chain, 
having the same spacing, and arranged 
in the same monolayer. Or, as in Figure 20, 
it can be a molecule of lecithin, which is a 
lipoid. The fact which of all is by far the 


ring, as shown in Figure aa, and this ring 
still has combining power remaining. In 
this way the whole lacy fabric, known as 
the “cyclol structure,” is built up to the 
form shown in Figure 23, which is taken 
from the work of Wrinch. The folding of 
this fabric to form a three-dimensional 
octahedron gives the structure of the 
globular proteins, so beautifully shown by 
Wrinch (Fig. 24) (insulin). 

The fact that lipoid substances will com- 
bine with protein monolayers, at last gives 
definite information as to the structure 
and the characteristics which determine 
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the function of the membranes of living 
cells. Obviously, we can form one mono- 
layer on top of or beneath another which 
already exists. For example, a monolayer 
of aliphatic acid or lipoid may have a 
protein monolayer formed below it in such 
manner that the amino groups of the 
protein attach to negative groups of the 
lipoid, while the negative groups of the 
protein remain in the water. We then have 
an artificial cell membrane and the penetra- 
tion into this membrane of either fat- 
soluble or water-soluble drugs and chemi- 



the effect of the drug or chemical on an 
erythrocyte, a paramecium, or any cell 
which has a suitable membrane. Riedal 
has made the most careful and precise 
measurements of this sort, and by this 
means has been able to demonstrate the 
cell wall effects of many poisons, toxins, 
carcinogenic agents, and anesthetic mate- 
rials. One single example of pertinent 
chemical knowledge which can be drawn 
from this type of investigation is perhaps 
not out of order. There is a well known 
correlation between fat solubility and 



cals can easily be tested. To get a precise 
comparison between this artificial cell 
membrane and a natural one, we have only 
to find a natural cell whose membrane has 
the same structure, and try the same reac- 
tions on the cell. In the artificial mem- 
brane, we can determine penetration by 
measuring the pressure of the monolayer 
exerted against a barrier, such as Lang- 
muir’s balance, or by measuring the re- 
fractive index, or by applying any of the 
precise physical methods by which we 
ordinarily detect reactions between mole- 
cules or penetration of a new molecule into 
a structure of another molecule. The phys- 
iological comparison is made by watching 


anesthetic properties of certain chemical 
agents. Studies have also been made on 
arterial and venous oxygenation of the 
cerebral circulation of patients under the 
influence of these anesthetics, and it is 
known that the consumption of oxygen 
decreases far in excess of what is to be 
expected simply on the basis of the brain 
and body being at rest. If now we take a 
double lipoid protein monolayer and treat 
it with this same anesthetic agent — in this 
case, cyclopropane — we find that the oxy- 
gen transmission of the interface is vastly 
reduced. In similar manner, various an- 
esthetic agents have been studied, both on 
artificial monolayers and on individual 



147 


Vot. 55, No. 2 


Newer Investigations of Radiation Effects 



Fig. 23. The fragmentation of the cyclol fabric into oriented polypeptide chains. 
Reproduced by permission from Wrinch.^“ 


cells. From the purely physical point of 
view, probably a more interesting fact is 
that in the monolayer there is an array 
of positive and negative molecular poles 
precisely lined up and oriented against 
each other. Obviously, an electrical po- 
tential must exist across the interface, and 
in the normal resting state this potential 
will be equalized by an arrangement of 
the free molecules on each side of the inter- 
face, so that this potential is brought to 
zero. This, however, is not a state of 
chemical neutralization but a dynamic 
state analogous to a battery without con- 
nections or a charged condenser. Through 
these studies, for the first time, it has 
become clear how the electrical potentials 
vhich seem to be the vital driving force, 
not only of the brain and nerve, but of all 
physiologically reactable components of 
the body structure, have their origin. 

This brief outline of a few of the salient 
features of modern physical research on 
cell structure gives a general picture of the 
nature of cell membranes (and, as we shall 
show below, of a few intracellular struc- 
tures). We see that they are not inert 
shells like the chitinous covering of the 
body of an insect, but are dynamic, living 


entities having a complex structure both 
chemically and electrically. This structure 
is maintained in a somewhat precarious 
state of balance and can change in response 
to small_ physical and chemical changes of 
the environment. The disruption in this 
state of dynamic balance, which can be 
caused by ionization due to an energetic 
secondary electron plunging through these 
structures, may well be imagined. 
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A good experimental example in this 
respect is the lipoid, lecithin, one of the 
most important constituents of brain and 
nerve tissue. It is a highly polar molecule, 
which lends itself readily to the formation 
of monolayers or to the formation of 
highly oriented multilayers on glass. A 
layer of this substance built up in this way 
has very strong optical properties and its 
interference with a beam of polarized light 
is very clear and strong. If we build such 
a multilayer and expose it to radiation, 
we should expect any disruption in the 
molecular or intermolecular structure to 
show itself by disruption of the optical 
properties. The effect of roentgen irradia- 
tion on such an artificial multilayer is 
shown in Figure 25. Here, there is a layer 
of lecithin about 0.05 mm. thick which 
was exposed to a beam of radiation, 0.5 
mm. in diameter, at just one point on its 
surface. The two upper fields in the figure 
show the same point in its normal state 
and oriented at two opposite critical angles 
to the plane of polarization of the light. 
The third field below is a photomicrograph 
of the point of irradiation, and it can be 
seen that at the exact point where the beam 
struck, the molecular arrangement of the 
multilayer is completely destroyed. Sur- 
rounding this point, a new orientation has 
sprung up. A similarity may be observed 
in the protein material of the nerve cell or 
the neurone axis cylinder, but even more 
strongly optically active in the living nerve 
cell is the myelin sheath which surrounds 
the neurone. The myelin substance is 
strongly birefringent, and is known to 
consist of lipoid molecules with their 
molecular axes oriented at 90° to the long 
axis of the neurone. At the junction of 
the axis cylinder and the myelin, there is 
one lipoid protein interface, and on the 
outside of the nerve sheath, there is 
another. This structure is quite susceptible 
to injury from radiation. Figure 26 shows 
myelinated tracts in the brain of an ex- 
perimental animal exposed to 1,200 r of 550 
kv. radiation. In this figure, on the right 
is seen a field from normal, unirradiated 


hemisphere showing several myelinated 
fibers, and on the left a similar field, taken 
from an identical spot in the opposite 
hemisphere, which was exposed to radia- 
tion. It can be seen that, although the 
cytoarchitectural structure remains intact, 
the myelin sheath has lost a great deal of 
its optical activity. 

During the past several years we have 
been investigating the effects of roentgen 
radiation on normal brain tissue, using 
dogs for experimental animals. Very briefly 
we may review this work by saying that it 
was shown that the myelin was rather 
sensitive to the radiation. The cells of the 
brain, being a non-proliferating type of 
cell, were expected to be radioresistant, 
and this proved to be the case, to about 
the degree expected. The ease with which 
we obtained myelin damage, however, 
gave the brain as a whole considerably 
more radiosensitivity than was to be 
predicted on the basis of the old belief tliat 
the brain is highly resistant to irradiation. 

The myelin of the brain we now know to 
be made up of multilayers of protein and 
lipoid molecules arranged in a very pre- 
cisely oriented structure. As is to be ex- 
pected, this structure has strong optical 
activity, and may easily be studied in 
polarized light. We found that there were 
a number of advantages in the use of 
polarized light, either as an adjunct to the 
regular staining methods, or sometimes in 
preference to them. Staining methods 
require the complete dehydration and 
defatting of the specimen and in this series 
of radical chemical operations some of the 
brain structures are quite completely 
changed. In the polarized light method of 
observation, the specimen is not treated 
with any chemicals. In addition, w^e found 
that brain damage began when the mye- 
linated nerves lost their optical activity, 
even though they retained their outward 
physical form. This phenomenon is il- 
lustrated in Figure 27, which show^s, on the 
right a field in the irradiated area of a 
dog’s brain and, on the left, a field from an 
identical area in the opposite hemisphere 
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of the brain of the same dog. The myelin 
is “stained” with the bright blue-green 
light of its own interference color in the 
polarized field of the petrographic micro- 
scope. In the irradiated area, the ability 
of the myelin to influence the polarized 
light is greatly reduced. 

When we apply this method to the study 
of the human brain, we face certain com- 
plicating factors, due to the fact that we are 
dealing with a diseased brain. Some of the 
features observed in radiation damage are 
also seen in damage caused by pressure and 
diminished blood supply in a brain invaded 
by a malignant tumor; for example, in 
either case we find the disruption of the 
gross structure due to edema, and peeling 
of the myelin with formation of myelin 
ovoids. The following case, however, dem- 
onstrates that their radiation effect on the 
myelin can be distinguished even in the 
presence of complicating factors. 

The patient had a deep-seated tumor 
(glioma) in the left temporal region which 
Dr. Schrieber, the neurological surgeon, 
considered inoperable. Two courses of high 
voltage radiation therapy were admin- 
istered, Following the first series, the 
patient made a marked temporary im- 
provement and returned to work. Four 
months later, he suffered a return of 
symptoms and was again given radiation 
therapy. There was no response to this 
treatment, and at autopsy an extensive 
infiltrating glioma was found. Figure 2.8 
shows the histopathological appearance of 
the tumor at this time. Figure 29 shows the 
appearance of the myelinated tracts in the 
uninvaded hemisphere, in polarized lights. 
It can be seen at once that the myelin has 
assumed ^what we call, for lack of a better 
term, a ^ moth-eaten” appearance. It has 
ost optical activity in spots along the 
length of the fibers. 

The second case is also an example of 
myelin degeneration. At operation, this 
patient had a large vascular glioma in the 
left temporal region. It was impossible to 
conipletely enucleate the tumor, and the 
patient was referred for radiation therapy. 
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Three series of radiation treatments were 
given. Following the first course, the 
patient showed marked improvement and 
returned to work. Four years later, he had 
a marked return of symptoms, and the 
tumor at this time was not responsive to 
treatment. The patient came to autopsy, 
and sections were taken both from the 
tumor and from the brain tissue of the 
opposite hemisphere. The histopathological 
appearance of the tumor at this time was 
the same as that shown in the preceding 
case. 

Myelin damage of the type demonstrated 
in our experimental animals is shown to be 
present in the remaining normal brain 
tissue, which is shown in Figure 30. This 
is the outstanding example of this type of 
myelin degeneration that we have* been 
able to obtain in human material up to 
this time. The myelin degeneration which 
follows radiation injury may take as much 
as a year to develop in an experimental 
animal. For purposes of rough comparison, 
we say that a dog lives six to seven times 
as fast as a man. It is interesting to consider 
in this connection that after four years the 
white matter tracts in the cerebral hemi- 
sphere opposite to the tumor had changed 
in this patient to a state in which, al- 
though their outward appearance was 
little changed, their optical activity had 
completely disappeared. This is shown in 
the upper two frames of Figure 30. These 
two fields may be compared to 4e loweJ 

fmme, which is taken from normal brain 
tissue. 

Figure 31 is an irradiated case which was 
a recurrent meningioma, rather than a 
ghoma. The upper field shows the brain 
at a junction between white and gray 
matter, with the entire area infiltrated 
with compound granular fat cells. The 
two lower frames are of one field in the 
white matter. The specimen was rotated 
90 on the stage of the microscope to show 
both of Its interference colors in the beam 
of polarized light. The optical activity of 
" greatly reduced. ^ 

Ihe important point in all of these cases 
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is the fact that the structures which depend 
for their functional properties on a highly 
organized system of polar molecules, the 
oriented lipoprotein layers of the myelin 
or the monolayers of the cell membranes, 
lose their organized structure and their 
optical activity when they are bombarded 
with high energy radiation. From animal 
experiments, we know that when the 
structural organization is gone, function is 
gone with it, and forever. 

In the course of these considerations, I 
have tried to show one of the directions 
along which modern research is leading us. 
What we know as modern clinical medicine 
today could not come into existence until 
the cellular structure of the body and of 
invading organisms was thoroughly under- 
stood. In the application of chemical drugs 
we use compounds which affect the cells. 
It is only within the last few years that 
anyone has been particularly interested in 
the precise manner in which the cells are 
affected, but today we consider it of the 
greatest importance to know whether a 
drug acts by chemically tying up some 
part of the cell structure, by interfering 
with the oxygen metabolism of the cell, 
or by some other and more devious means. 
In applying roentgen radiation as a thera- 
peutic agent, we are making use of a 
powerful medium which can only exert its 
force on the cell structure of the body by 
taking disruptive and destructive action 
against the submicroscopic structures of 
which those cells are composed. By the 
study of this agent and its action, coupled 
with the appropriate physical and chemical 
studies from which it cannot logically be 
separated, we may come to know these 
submicroscopic structures as well as today 
we know the cells. We cannot predict 
presisely to w^hat point these researches 
will lead us in practical clinical medicine 
any more than the early workers in 
histology could predict the clinical medi- 
cine and radiology of today, but just as the 


elucidation of cell structure w'as the great 
foundation of the past, so in all probability 
is the study of submicroscopic structure 
the great research of today. 

The radiologist may not make any con- 
tributions to these fundamental observa- 
tions, but his practical mind leads him to 
experiment with and use them, and out of 
such use may come results which will be 
beneficial. 
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T he literature contains few references 
to the subject of pulmonary metastases 
from cancer of the kidney, prostate and 
bladder, but it is abundant on skeletal 
metastases from these malignancies. The 
earliest reports, although they established 
the existence of these metastases, are not 
correct as to their incidence. This is under- 
standable since the findings were based on 
postmortem material and many sites of 
spread of the primary tumor must have 
been overlooked. Later reports depended 
on roentgen findings, before the roentgen 
ray had reached its present technical 
excellence, and are probably inaccurate. 
Communications in the more recent litera- 
ture are not subject to the above criticisms, 
but the total of cases reported are too few 
for exact figures as to the incidence of these 
metastases. 

This paper has been written in the hope 
that the addition of our material may help 
clarify questions that still exist as to the 
frequency of these involvements. The pa- 
tients at the Montefiore Hospital for 
Chronic Diseases were especially suitable 
for this investigation. The majority reached 
the hospital in the late stages of the disease 
and, in almost all instances, careful workup 
was possible before death. In addition, a 
large percentage also had postmortem 
examination. In order to obtain the most 
accurate picture possible of these exten- 
sions, only patients who died were included 
in this study. In this way we were able to 
visualize all phases of metastatic growth. 

SKELETAL METASTASES 

Kilhicy. Eiglity-seven cases of carcinoma 
of the kidney were studied. Since the 
diftcrentiation of hypernephroma from 
vascular carcinoma with clear cells is 


frequently difficult, no attempt was made 
to separate them and they were grouped 
together. With few exceptions, however, 
the neoplasms were hypernephromas. In 
39 instances (45 per cent) roentgen or post- 
mortem examination revealed skeletal me- 
tastases (Fig. i). 

Albrecht,^ in 1905, and Gottesman and 
co-authors,^“* in 1932, reported skeletal 
metastases in nearly half of their cases. 


MlLIGHAflT TUMOhS OP tHL KIDHE!f 
Humber of Ceaes 67 

Ceaea Vlith Skeletal yetaataaes 33 • 4S^ 


Ho» of 

EfitagnU 



lo 17 cases (4i') the metastases 
were confln'*d to a single bone. 


Osteoclastic, occasionally 
with c/stIc changes. 
Osteoblastic chwges also 
occasionally present. 


Fig. I. 

Copeland, 1= however, found the incidenc( 
to be 34.9 per cent, and Turner and Talfe^ 
reported only 20 per cent. Other author: 

fio‘ « the Menu 
Huded in'thc pZl •»’ 
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Fig. a. Case i, Metastases to the right humerus from 
hypernephroma. Soft tissue swelling, extensive 
bone destruction and pathological fracture of the 
proximal portion of the right humerus. 

have described bone involvement from 
kidney tumors but do not give percentages. 
These figures would certainly indicate a 
marked predilection for bone metastases 
from hypernephroma. 

The anatomical distribution of the me- 
tastases is given in Figure i. This shows 
the axial and trunk bones to be more fre- 
quently involved than are the bones of the 
limbs. With some exceptions, this cor- 
responds rather closely to the findings of 
Copeland,’- Sutherland and co-authors,®’^ 
and Schinz and Uehlinger.^^ Pathological 
fractures are not infrequent and were 
observed in 7 instances, 5 in the femur and 
2 in the humerus. Whereas skeletal me- 
tastases from tumors which have a predilec- 
tion for bone are often multiple, this is not 
always the case with hypernephroma. In 
17 instances, 43 per cent of the group, the 
lesions were confined to a single bone and to 
a single area in that bone. Schinz and 
Uehlinger*^ reported single metastases in 
6 out of 20. 


Frequently the kidney tumor is silent, 
and metastasis to bone is the first indica- 
tion of the presence of a malignant growth. 
In some of these patients the roentgen 
appearance simulates a primary bone 
tumor. Attention was first focussed on such 
cases by AlbrechP in 1905. Scudder,^’ in 
1906, Halstead,^^ in 1907, Gibson and 
Bloodgood’® and Joll,-® in 1923, Gottesman 
and co-authors,2‘’ in 193a, and others have 
stressed this feature. Two illustrative 
reports follow: 

Case i (Hospital No. 28453). M.P., female, 
aged sixty-nine, had severe pain in the right 
arm, of six months’ duration. She was treated 
for neuritis by several physicians before a diag- 
nosis of a bone growth was finally made and she 
was referred to Montefiore Hospital. On admis- 
sion, she presented a tender fusiform swelling 
of the upper third of the right humerus. Roent- 
gen examination of this area showed soft 
tissue swelling, extensive bone destruction, and 
a pathological fracture of the upper third of the 
right humerus (Fig. 2). Except for a slight sec- 
ondary anemia, a 1 laboratory examinations, in- 
cluding the Bence-Jones test, were negative. 
High voltage roentgen therapy to the involved 
area was followed by disappearance of the soft 
tissue swelling and marked relief of pain. A few 
months later, metastases appeared in the 
pelvis, upper right femur, lungs and pleura. 
The postmortem examination revealed a small, 



Fig. 3. Case ii. Metastases to the pelvis and right 
femur from hypernephroma. There is extensive 
bone destruction of the right ilium, ischium, pubis 
and head of the right femur. The lesion has some 
resemblance to a multilocular cj'St. 
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silent hypernephroma in the left kidney with 
metastases to the lungs, pleura, pericardium 
and suprarenal glands. 

Case ii (Hospital No. 15824). C.F., male, 
aged seventy-one, sought treatment for pain 
localized to the right groin and buttock. He was 
first told he had rheumatism. Later, roentgeno- 
grams were taken and the diagnosis changed to 
Paget’s disease. Pain persisted, and the right 
upper thigh became swollen and a large, deep, 
fixed mass could be palpated in the right lower 
quadrant. He was re-examined; a diagnosis 
was made of giant cell tumor of the pelvis and 
he was referred to Montefiore Hospital for 
radiotherapy. Roentgenograms now revealed, 
in addition to Paget’s disease of the pelvic 
bones, marked destruction of the right ilium 
and sacrum (Fig. 3). The extensiveness and 
osteolytic character of the lesion, and the fact 
that no other bones were involved, caused us 
to make a tenative diagnosis of metastatic 
hypernephroma. A kidney tumor, however, 
could not be demonstrated. He was given in- 
tensive radiotherapy with partial relief of pain. 
Fifteen months later, biopsy at another institu- 
tion, was positive for hypernephroma. 

Roentgen Characteristics. The lesions 
may be multiple or single. They are always 
destructive in character and rarely produce 
new bone. The earliest sign is an area of 

I 1 



I'lG. 4. .Atypical metastasis to the skvill from hyper- 
nephroma. The metastasis has broken through the 
internal and external plates of the frontal and 
parietal bones to produce a swelling which on 
palpation felt like a cyst. Vcrtic.il new bone 
formation extends into the muss. 


rarefaction in the medullary portion of the 
bone. As the growth progresses, the cortex 
may expand. At times, the external ap- 
pearance is that of a simple cyst produced 
by the metastasis breaking through the 
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Type 
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o. Only three eases *ere purely 
osteoclastic In character. 


Fig. 5. 


wiLii uie rormation of 
local cystic growths, occasionally pulsatile 
(F ig. 4). The metastases have a predilection 
for the upper ends of the long bones, the 
regions of the nutrient vessels. It is note- 
worthy that when the pelvis is involved 
the upper third of the femora frequently 
has lesions. Geschickter and Copelandi^ 
have noted, and it is also our impression, 
that the small silent hypernephromas give 
rise to more extensive bone involvement 
than the larpr kidney growths. However 
we believe tlus to be due to the fact tha^ 
the small silent lesions are not as ful- 
minating as the larger growths and there- 

- *= 

Pro,l„l,. The first recorded case of 
skelecal metastases from carcinoma of the 
prostate was by lhompson,=»s in jgo 
However, very little was known of lit 
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Fig. 6. Osteoplastic metastases from carcinoma of 
the prostate. Extensive laying down of new bone in 
the lumbar spine, pelvis and femora. 

metastases until von Recklinghausen,®- in 
1891, published the first complete work on 
this subject. More recently, the contribu- 
tions in this field have been frequent and 
of great interest. 

We investigated 6o patients with car- 
cinoma of the prostate and in 35 (58 per 
cent) there were found skeletal metastases 



Fig. 7. Metastases from carcinoma of the prostate. 
In contrast to Figure 6, the metastases appear as 
small islands of dense bone. Superficially there is 
some resemblance to osteopoikilosis. 


(Fig. 5). Bumpus," in 1921, reported 
skeletal involvement in 41 patients (30 per 
cent) out of 135 with roentgen examina- 
tion. Copeland, 12 in 1931, studied 1,040 
cases. Only 50 per cent of these had roent- 
gen studies and of this number, 25 per cent 
were positive. Sutherland,®' in 1932, found 
the bones positive in 296 (28.6 per cent) 
of the patients examined. Our figures are 
identical with those of Turner and Jaffe,®® 
who reported involvement in 57.8 per 



Fig. 8. Osteoclastic metastasis from carcinoma of 
the prostate. Areas of bone destruction with no 
evidence of new bone formation are present in both 
femora and both ilia. 

cent of 95 autopsies. Among the highest 
figures are thoseof Kaufmann,®’' who reports 
a small group of 24, in 16 (67 per cent) of 
whom there were skeletal metastases. We 
found the pelvis, spine, femur, ribs, scapula, 
clavicles, humerus and skull, in the order 
named, the bones most frequently in- 
volved. 

As with kidney tumors, the lesions in the 
bones may be the first indication of a 
malignant growth. 

Roentgen Characteristics. The metas- 
tases are essentially osteoplastic in charac- 
ter, but small areas of bone destruction are 
also generally present (Fig. 6). Rarely, the 
metastases present themselves as small 
areas of dense bone, of varying size, 
scattered throughout the marrow spaces 
(Fig. 7). In only 3 instances were purely 
osteoclastic changes observed (Fig. 8). 


VoL. 55, No. 1 


Skeletal and Pulmonary Metastases 


157 


The osteoplastic nature of these me- 
tastases has been the subject of study by a 
number of authors. Recklinghausen®^ has 
described the histopathological process as a 
carcinomatous osteitis. The tumor cells 
lodge in the capillaries and venules, cause 
stasis and hemorrhage, which is then fol- 
lowed by reactive growth of osteoid and, 
finally, osseous tissue. Goetsch^® and Ax- 
hausen® believe that some unknown chemi- 
cal irritant emanating from the tumor ceils 
acts on the old bone and stimulates 
proliferation. Others state that the in- 
vasive powers of the metastatic tumor are 
so moderate that proliferation of bone 
keeps up with destruction by the tumor. 
The recent work in the field of serum 
phosphatase gives new weight to the latter 
theory. Gutman, Sproul and Gutman®® 
have shown strikingly increased phos- 
phatase activity of bone at the site of 
osteoplastic skeletal metastases in a pa- 
tient with carcinoma of the prostate gland. 
This observation is in accord with the 
view, derived from pathological studies, 
that the mechanism of bone formation in 
metastatic osteoplastic neoplasms is funda- 
mentally the same as that of normal bone 
formation. 

Bladder. The literature on the subject of 
skeletal metastases from carcinoma of the 
bladder is both vague and limited. The 
earliest reports consisted of isolated cases 
(Glutton,” Wells,''®Pic et Christensen,^® 
Livingston®®). In 1922, Kretschmer®® re- 
ported 3 cases, Sutherland et al.^' in 1932, 
9 cases, Graves and Militzer,®^ in 1934, 5 
cases, Greenfield,®® in 1941, 3 cases, and 
Merger and Sauer,®® in 1942, 4 cases. The 
Carcinoma Registry of the American Uro- 
logical .Association® published 902 epithelial 
tumors of the bladder. Metastases were 
found in 72, or 8 per cent. Of the latter 
number, the bones were involved in 34. If 
we consider the original group of 902, the 
skeleton was positive in 3 per cent of the 
cases. The bones most frequently involved 
were the lumbar spine, pelvis and femora, 
in the order stated. 

Spooner,'® on the other hand, in 1934, in 


a review of the material from the Mayo 
Clinic from 1914 to 1931, inclusive, found 
invasion of the bone, except by direct 
extension, to be an uncommon feature. 
This is also true of the material from the 
Johns Hopkins Hospital reported by Cope- 
land^® in 1931, and of the material from the 
Montefiore Hospital. In our group, bone 
involvement was present in 6 cases but in 


CARCIHOMI 0? m BLADDER 
Ruttber of Cases 56 

Cases Vlth Skeletal InTolvessent 6 • 10^ 



only I instance were true metastases 
observed (Fig. 9). In the other cases, the 
pelvis was invaded by direct extension 
jrom the primary tumor. 

From what has been written on this 
subject, one can therefore conclude that 
skeletal metastases from carcinoma of the 
bladder, while infrequent, do occur. In 
the cases cited from the literature, the 
■nvolvemen, wns practically always osteo- 

metesTafi f°‘"’ "■ith skeletal 

metastases from carcinoma of the bladder 

CO 7 T'"® ' 1 '" discussion wilfbe 

confined to the radiotherapy of bony 
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extensions from carcinoma of the prostate 
and kidney. To properly plan treatment, it 
is necessary to consider both the extent 
of the lesions and the stage of the disease. 
If the metastases are widespread, the 
treatment is limited to the sites causing 
symptoms, or to areas where fracture of the 
bone is impending. Where visceral me- 


present, some new bone may be laid down. 
In patients with hypernephroma, if the 
metastases respond to treatment, the area 
of destruction shows little change, other- 
wise it may increase in size. 

Whereas in breast metastases, sympto- 
matic relief and healing of bone can often 
be accomplished by moderate dosage, this 


llALIGNAMT TOUORS OF THE KIDMEX 
Pulmonary And Pleural Metastases. 
Total Humber Of Cases 87 


Total Number Of Postmortems 59 


Total Number Of Pul. or PI. Met. 47 - ( 31 Verified at P.M. 

54^ ( 16 Dlag. Only by X-ray. 




Postmortem Findings In Lungs 

1. Nodular parenchyneil lesions 
most frequent. 

2. Next in frequency, positive 
hilar nodes and nodules in 
lungs and pleura. 

?. Then, positive hilar nodes 
and lymphangitic metastases 
to lungs and pleura. 



Fig. 10. 


tastases are also present, this palliation is 
the entire therapeutic aim. On the other 
hand, if the metastases are few in number, 
as in hypernephroma, intensive treatment 
is advisable to achieve more lasting control 
of clinical symptoms. 

Contrary to our experience in treating 
skeletal metastases from cancer of the 
breast, little if any healing of bone follows 
the irradiation of these lesions. The im- 
provement that takes place is almost 
entirely relief of pain. In prostatic cases, 
the osteoplastic appearance of the bone is 
generally not altered; if destruction is 


is rarely so with kidney and prostate cases. 
These patients usually require intensive 
treatment with high voltage, with total 
dosages of 2,000 to 3,000 r per field over 
one or more fields, to control pain. 

PULMONARY METASTASES 

In contradistinction to the voluminous 
literature on the frequency and character 
of skeletal metastases from cancer of the 
genitourinary tract, little mention is made 
of the pulmonary spread from these 
tumors. The incidence of pulmonary in- 
volvement in our group, and comparison 
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with some of the reports in the literature, 
should therefore be of interest to roent- 
genologists and urologists. 

Kidney. AlbrechP found the lungs in- 
volved in all his advanced cases of renal 
cancer. Willis'*^ states that it occurs in 75 
per cent ol kidney neoplasms. Albarron,*'* 
however, reporting on 249 cases, dis- 
covered pulmonary metastases in only 
75 > 3 ° cent. Recently Turner and 

Jaffe^® reported pulmonary metastases in 
40 per cent of 2.5 autopsies. 

We investigated 87 cases and found 




Fig. II. Parench)mal and pleural metastases from 
carcinoma of the kidney. Large nodular metastases 
are scattered throughout both lungs, most numer- 
ous at the bases. A small effusion is present on the 
left side. 

pulmonary or pleural metastases present in 
47, or 54 per cent (Fig. 10). 

For purposes of classification, the lesions 
have been divided into those of the 
parenchyma, pleura, and mediastinal or 
hilar lymph nodes. The parenchymal le- 
sions were by far the most frequent. They 
usually consisted of fairly large, sharply 
outlined nodules, most numerous in the 
lower two-thirds of the lungs (Fig. n). 
Widespread miliary le.sions W'ere also seen 
(Fig. 12), and occasionally enlarged me- 
diastinal and hilar nodes were observed 
(Fig. 13). In some instances, the tumor 
broke through the gland capsules and in- 
filtrated the lung, giving a roentgen ap- 


Fig. 12. Widespread miliary metastases from carci- 
noma of the kidney. Postmortem examination 
showed miliary distribution of tumor nodules 
throughout both lungs. The streak-like shadows 
extending out from the hilar areas were due to 
lymphatics filled w'lth tumor cells. The hilar nodes 
were enlarged and invaded by the neoplasm. 


pearance suggesting a primary cancer of 
the bronchus (Fig. 14). Predominantly 
pleural involvement was not often present; 
when seen, there was also usuall)’’ an 
associated pleural effusion (Fig. 15), 
Prostate. Cancer of the prostate gives 
rise to pulmonary metastases less fre- 
quently than hypernephroma. In a group 
of 22 cases, Ivaufman"* reported the lungs 



iG. 1.2. Metastases to mediastinal and hilar lYmuh 
nodes from carcinoma of the kidney. The apVrr 
ance suggests l>mphoblastoma. The postmortem 
examination .a so showed a =’"n'“riem 

nodules at the right W 
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Fig. I 4 . Metastases to the lungs, mediastinal and 
hilar lymph nodes from carcinoma of the kidney. 
The appearance is suggestive of carcinoma of the 
lung. Postmortem examination showed neoplastic 
masses in both hilar regions. From these areas 
there radiated a series of small tumor nodules, 
particularly along the course of the bronchi and in 
the upper lobes. 



Fig. 15. Pulmonary and pleural metastases from 
carcinoma of the kidney. Postmortem examination 
showed infiltration of the pleura of both lungs with 
carcinoma. The Ij'mph vessels of the lungs, also 
the hilar nodes, were invaded by neoplasm. 


GftPGIllQMA OF THE PhOSTATE 


Pulmonary And P leural-M- etasta s.es^ 


Total Number Of Cases 


Total Number Of Postmortems 39 

Total Number Of Pul. or PI. Met. 26 - ( 20 Vplfled at P.M. 

< 155 ^ ( 6 Drag. Only by X-ray 



Pofitniorteni Fi nd ings In t\ 3 .n£s 

1. Nodules In pleura and lungs 
most frequent. 

2. Next in frequency, nodular 
parenchymal lesions, occa- 
sionally lymphangitic in tyoo. 

5, In a few cases, only hilar 
nodes were involved. 

4. Pulmonary lymphatics were 
frequently invaded. 
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involved in 40 per cent and the pleura in 
58 per cent. Willis^^ found pulmonary in- 
volvement in 35 per cent and Turner and 
Jaffe^® in only 28.4 per cent of 95 autopsies. 

In this group, 26 cases (43 per cent) had 
intrathoracic extension of the disease (Fig. 
16). At postmortem, the most frequent 
finding was the association of pleural and 
pulmonary metastases. In these patients, 
the pleura was either studded with nodules 
or else diffusely infiltrated (Fig. 17). The 
pulmonary lesions consisted of subpleural 
infiltrations and nodules scattered through- 
out the lungs. Pleural effusions were com- 
mon in this group. Next in frequency 
were parenchymal lesions, consisting either 
of numerous nodules, pea-sized to miliary, 
or else a few large circular masses. Rarely 
only a single nodule was found. At times, 
the involvement was predominantly hilar, 
with extension therefrom into the lower 
lobes of both lungs. Pleural lesions were 
also occasionally present with this type. 
In a few instances, the lungs appeared 



Fig. 17. Pleural metastasis from carcinoma of the 
prostate. The metastasis appears as a scalloped 
shadow along the periphery of the left pulmonary 
field (arrow). The left infraclavicular shadow is 
due to a rib metastasis. 

negative macroscopically but microscopic 
sections showed invasion by tumor cells of 
the parenchyma or peribronchial lym- 
phatics. 
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Bladder. The literature is most confusing 
on the frequency of pulmonary metastases 
from cancer of the bladder. Barringer^ 
and Kaufman-* state that such extensions 
are rare. Geraghty/® on the other hand, 
states that the lungs are a favorite site for 
these metastases. Spooner,** in his analysis 
previously referred to, reported pulmonary 
extension in 9 cases, or 5 per cent. The 
Carcinoma Registry of the American Uro- 
logical Association* found ii cases (14 
per cent) of metastases to the lungs in 79 
postmortem examinations. Turner and 
Jaffe** report 19.5 per cent involvement in 
46 postmortems. 

In this series, 4 cases, or 7 per cent, 
showed intrathoracic involvement (Fig. 
18). Two patients had metastases to the 
mediastinal or hilar nodes, i patient 
presented a few small subpleural nodules 
and in the last case, tumor cells were found 
in a thrombus in an artery of the lung. In 
these patients, the tumor had extended 
outside the bladder to involve the regional 
glands. 

Symptoms. Cough and dyspnea are the 
two complaints most commonly encoun- 
tered when pulmonary involvement is 
present. Pain occurs next in frequency. 
Hemoptysis rarely presents itself as a 
symptom. In a small number of patients, 
physical signs, such as dullness, diminished 
breath sounds and rales, are the first in- 
dication of pulmonary metastases. If the 
pulmonary involvement is slight, no symp- 
toms or physical signs may be present and 
the lesions are then discovered only on 
roentgen or postmortem examination. 

When the predominant lesion is paren- 
chymal, as in the case of hypernephroma, 
cough is the most frequent symptom. 
Where the pleura is most frequently in- 
volved, as in prostatic carcinoma, dyspnea 
due to pleural effusions, and pain are the 
earliest manifestations of the intrathoracic 
involvement. 

Mode of Spread of Metastases. The kidney 
has a very rich vascular supply and early 
invasion of the blood stream by cancer is 
frequent. It is therefore to be expected that 


pulmonary metastases from kidney malig- 
nancies should be embolic by way of the 
blood stream. The predominance of paren- 
chymal lesions bears this out. The post- 
mortem material also shows that pul- 
monary involvement occurs by lymphatic 
permeation through the diaphragm and 
on to the parietal pleura, and by way of 
emboli along lymphatic channels. 

The frequency of both pleural and 
parenchymal involvement from cancer of 
the prostate suggests invasion by both 
lymphatic and hematogenous routes. The 
prostate is richly supplied with lymphatics. 
Extension takes place by way of the re- 
gional nodes to the mesenteric and retro- 
peritoneal nodes, thence to the thoracic 
nodes and then retrograde to the lung and 
pleura along the smaller lymphatics. 

Effect of Radiotherapy. Irradiation is 
often ineffectual with pulmonary me- 
tastases from cancer of the urinary tract. 
Lung involvement is frequently a terminal 
affair and is usually associated with me- 
tastases to other viscera. The patients are 
in such poor general condition that they 
cannot tolerate the large doses of radiation 
necessary for relief of symptoms. Oc- 
casionally, however, relief of cough and 
dyspnea and, when pleural effusions are 
present, slower refilling of the chest will 
follow such treatment. 

CONCLUSIONS 

1. Skeletal and pulmonary metastases 
were investigated, either by roentgen or 
postmortem examinations, in 203 patients 
who died from cancer of the kidney, 
prostate and bladder. 

2. Of 87 patients with cancer of the 
kidney, 39 cases, or 45 per cent, revealed 
skeletal metastases. In 47 instances, or 54 
per cent, pulmonary, pleural or mediastinal 
metastases were also present. 

3. Sixty patients with cancer of the 
prostate were investigated. In 35 cases, or 
58 per cent, skeletal metastases were 
found. Pulmonary, pleural or mediastinal 
involvement was discovered in 26 cases, or 
43 per cent. 
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4. Of 56 patients with cancer of the 
bladder, bone involvement was present in 
6 cases, or 10 per cent, but in only one 
instance were true metastases observed. In 
the other cases, the pelvis was invaded by 
direct extension from the primary tumor. 
In this series, 4 cases, or 7 per cent, showed 
intrathoracic involvement. 

5. Intensive radiotherapy relieves pain 
in a large number of patients with skeletal 
metastases from cancer of the kidney and 
prostate. 

6. Irradiation is often ineffectual in 
pulmonary metastases from cancer of the 
urinary tract. Occasionally, however, relief 
of cough and dyspnea and, when pleural 
effusions are present, slower refilling of the 
chest will follow such treatment. 

1049 Park Ave., 

New York, N. Y. 
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ABDOMINAL LYMPHOGRANULOMATOSIS 
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A lthough enlargement of the super- 
ficial lymph nodes is the most spec- 
tacular aspect of Hodgkin’s disease and the 
most frequent reason for the patient to seek 
medical attention, other manifestations of 
the disease have been the subject of investi- 
gations in recent years. For example, lym- 
phomatous involvement of the pulmonary^ 
and osseous^® systems and of the breasT 
have been studied intensively in the past 
few years at the Memorial Hospital. Since 
approximately 15 per cent of the cases of 
Hodgkin’s disease seen at this institution 
develop symptoms referable to the gastro- 
intestinal tract at some period of the illness, 
it was thought that a study of the abdomi- 
nal manifestations of this malady might be 
instructive. 

Terplan“ divided cases of Hodgkin’s dis- 
ease of the gastrointestinal tract into those 
in which the digestive tract is exclusively 
involved and those in which it is involved 
as part of a generalized or disseminated 
process. This grouping does not include 
those cases in which there are gastrointesti- 
nal manifestations produced by extrinsic 
disease. Therefore the following classifica- 
tion is proposed. 

I. Primary gastrointestinal lymphogran- 
ulomatosis. 

2. Secondary gastrointestinal lympho- 
granulomatosis. 

3* Extrinsic gastrointestinal lympho- 
granulomatosis. 

The accurate differentiation of these 
three groups may sometimes be impossible 
by clinical means. In these instances the 
distinction can only be made bv postmor- 
tem study. 

PRI.MARV I.Y.MPHOGRANULOM-ATOSIS OF 
THE GASTROINTESTINAL TRACT 

Attention to primary lymphogranuloma- 
tosis as a clinical entity was drawn bv 


Schlagenhaufer’^’^ in 1913 when he described 
gastric lymphogranulomatosis without in- 
volvement of any other organ. Previous to 
this according to Terplan’^'^ the localized 
form of lymphogranulomatosis was prob- 
ably classified as sarcoma of the bowel or 
tuberculous enteritis. By 1927 Hayden and 
Apfelbach^ were able to collect 26 cases 
from the literature and to add 3 of their 
own. Singer,^- in I931, reviewed the litera- 
ture and selected 6 cases which he con- 
cluded were unquestionable examples of 
primary gastric lymphogranulomatosis, in 
which no other focus of disease was demon- 
strable, and added i of his own. In 1936 
Madding® of the Mayo Clinic published a 
report on 6 cases of primary Hodgkin’s dis- 
ease of the stomach which had been seen 
over a period of the preceding eight years. 
Bini and Parvis,® in 194*^, published a paper 
on primary lymphogranulomatosis of the 
gastrointestinal tract in which they re- 
viewed the literature exhaustively. There 
were over a hundred references cited which 
represented about 150 cases. 

Primary lymphogranulomatosis may in- 
volve any part of the gastrointestinal tract 
or several segments concomitantly; the 
stomach, however, appears to be the most 
frequent site. The symptomatology is de- 
pendent upon the portion of the digestive 
tract involved. The majority of the pa- 
tients are in the fifth decade and males pre- 
dominate in the ratio of 2 to i. 
Lymphogranulomatosis of the stomach 

may involve any portion of the organ. The 
PJ-^orus. however, is the most frequent site. 
The presenting symptoms may be epigas- 
ty or abdominal pain relieved in some in 

Stress nitfr'* P“Trandial 

Sn? N gaseous eructa- 

tions and anorexia. There may be weakness 
oss of weight and hematemesis. The proc' 
ess may produce pyloric obstruction with 
65 
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its concomitant signs and symptoms. 

Gastric analysis may show an achlor- 
hydria but in many instances the gastric 
acidity is within normal limits. There may 
be a moderate secondary anemia. There is 
usually no significant alteration in the leu- 
kocytes with the exception of an occasional 
slight eosinophilia. 

Physical examination is for the most part 
non-contributory. There may occasionally 
be some evidence of weight loss. A palpable 
mass in the abdomen is uncommon and the 
liver and spleen are usually not felt. Super- 
ficial lymphadenopathy and pyrexia are in- 
frequent. 

Roentgen studies may reveal a filling de- 
fect which is interpreted as being caused by 
a cancer or ulcer. When the roentgenologic 
and physical findings are correlated with 
the symptomatology the diagnosis in nearly 
all instances is neoplasm or ulcer, the 
former being the more frequent conclusion. 
The correct diagnosis is made at operation 
or autopsy. 

The lesions, which are grayish or pearly 
white in color, may occur in any part of the 
stomach. They may be flat, nodular, or in 
some instances in the form of convolutions 
somewhat resembling those of the cere- 
brum. Macroscopically the disease appears 
as an infiltration with consequent thicken- 
ing of the gastric wall. It may be limited to 
a small area or it may be diffuse throughout 
the whole organ producing an effect similar 
to linitis plastica. The lesion may be ulcer- 
ated and bear a resemblance to a neoplasm. 
The ulceration may give rise to perforation 
or to hemorrhage which on occasion may be 
severe enough to cause death. The adjacent 
lymph nodes may be large, discrete, soft 
and succulent. 

The treatment for disease localized to the 
stomach is gastric resection. Involved 
omental nodes should be removed at the 
same time. In some of the cases reported 
from the Mayo Clinic in which involved 
omental nodes were removed at the resec- 
tion, the patients were alive and apparently 
free from disease six to eight years later. 

The incidence of this disease in the in- 


testine is greatest in the upper part of the 
small bowel and decreases from there to the 
rectum. Involvement of the bowel may be 
characterized by malaise, weakness, ab- 
dominal pain, meteorism, diarrhea, consti- 
pation or alternating diarrhea and con- 
stipation. There may be irregular bouts 
of fever and occasionally a palpable ab- 
dominal or rectal mass. Superficial lymph- 
adenopathy is infrequent. Often there is 
a secondary anemia and sometimes a leu- 
kopenia. With this symptomatology the 
condition may simulate typhoid fever. On 
the other hand, the clinical picture may be 
that of an acute obstruction or intussuscep- 
tion. There may be perforation with peri- 
tonitis or hemorrhage which may be fatal. 
The diagnosis is established at laparotomy. 
Surgical removal of the lesion relieves the 
symptoms and in numerous instances has 
apparently effected a cure. 

SECONDARY LYMPHOGRANULOMATOSIS OF 
THE GASTROINTESTINAL TRACT 

Secondary lymphogranulomatosis of the 
gastrointestinal tract occurs as part of the 
generalized disease process. Pitd® in 1889 
described lesions in the stomach and duo- 
denum occurring under these circum- 
stances. The patient may or may not com- 
plain of gastrointestinal symptoms and the 
lesion may be discovered only at postmor- 
tem examination. In a series of 295 deaths 
from Hodgkin’s disease in cases followed at 
the Memorial Hospital during the decade 
of 1932 to 1942 there were 36 autopsies. Six, 
or 1.7 per cent, of these revealed, in associ- 
ation with the generalized disease, lesions 
of the gastrointestinal tract — 5 in the stom- 
ach and I in the duodenum. The duodenal 
lesion was a healed ulcer whose base showed 
Hodgkin’s disease on microscopic exami- 
nation and it was assumed that the ulcer- 
ation was secondary to the lymphogranu- 
lomatous process. This patient had gastric 
symptoms when first seen at the clinic. 
There vas no ulcer history but a gastroin- 
testinal roentgen examination was reported 
as suggestive of duodenal ulcer. 

Of the 5 patients with gastric involve- 
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ment, a gave a history of epigastric painj 
nausea and vomiting. In i, a woman, roent- 
gen studies revealed an irregularity in the 
prepyloric region where, at autopsy, a large 
superficial ulcer with slightly elevated 
edges was found. Microscopic examination 
revealed the ulcer to be, for the most part, 
nonspecific but to have minute specific le- 
sions at its base. In the other patient, 
although the gastrointestinal series failed to 
reveal any abnormality, at autopsy a nodu- 
lar excrescence was found in the fundus 
which was pronounced Hodgkin’s disease 
on microscopic study. In addition, near the 
antrum, in an area free of Hodgkin’s dis- 
ease, was a punched out ulcer 3 cm. in 
diameter, which microscopically suggested 
an ulcerating cancer. It is of interest that 
the initial superficial lymph node in each of 
these cases appeared in the inguinal region 
and showed Hodgkin’s disease on biopsy. 
In the 3 cases that had no gastric symp- 
toms, nodular lesions, proved to be Hodg- 
kin’s disease by microscopic examination, 
were found at autopsy in the gastric wall. 
The sites of involvement were the pylorus, 
the posterior gastric wall and the greater 
curvature respectively. Thus it appears 
that intrinsic disease of the stomach may 
remain asymptomatic. 

In another patient a diagnosis of second- 
ary intrinsic disease of the stomach was 
established by gastroscopic examination. 

This patient was an Italian woman, aged 
twenty -nine, who came to the clinic complain- 
ing of a swelling in the left side of the neck 
which appeared one year previously and had in- 
creased somewliat in size since its inception. 
Later she developed a dry non-productive 
cough. Examination w.as negative except for an 
indefinite swelling over the lower third of the 
left sternocleidomastoid muscle. Two small soft 
nodes were palpable near the swelling. A biopsy 
of one of these nodes was reported as Hodgkin’s 
granuloma. A roentgenogram of the chest re- 
vealed a mediastinal mass displacing the tra- 
chea to the right. She received roentgen therapy 
to the left neck and mediastinum with marked 
regression of the lesions and she remained well, 
except for a small right supraclavicular node 
controlled by roentgen therapy, for a period of 


two and a half years. At this time she developed 
gastric distress and diarrhea. A gastrointestinal 
roentgen examination revealed a slight saw- 
tooth appearance along the lesser curvature. A 
gastroscopy was performed at which a definite 
nodular and linear infiltration of the pars media 
and lesser curvature was seen as well as numer- 
ous punctate hemorrhages in the area of infil- 
tration. The gastroscopist made a diagnosis of 
Hodgkin’s disease involving the pars media of 
the stomach. High voltage roentgen therapy 
was administered to the stomach through an 
anterior and posterior field giving a dose of 
1,200 r to each area. This was followed by a 
disappearance of the gastrointestinal symp- 
toms, and at gastroscopy two months later no 
abnormality of the stomach was seen. With the 
exception of the appearance of a node in the 
right spinal accessory chain, the patient has re- 
mained well to date (five and a half years). 

Secondary involvement of the gastroin- 
testinal tract might be a more common oc- 
currence if the individual did not succumb 
to the disease so early. The retroperitoneal 
nodes involved by this disease increase 
slowly in size over a long period of time and 
rarely demonstrate invasive characteristics. 
That this may occur, however, in the rela- 
tively long lived patient is illustrated by 
the following case; 

This patient was a female, aged twenty-two, 
whose illness began in 1929 with enlargement of 
the left cervical lymph nodes followed by en- 
largement of those in the left axilla. An axillary 
and cervical node were removed at another 
institution and diagnosed as Hodgkin’s disease 
following which she received five roentgen treat- 
ments to the neck and axilla over a period of 
seventeen months. She was then referred to the 
Memorial Hospital for further treatment. Ex- 
amination in November, 1931, at this institu- 
tion revealed enlarged nodes in the left neck 
left supraclavicular region and in both axillae! 
In flay 1934, about five years after the onset 
of her illness, she began to develop severe pain 
m the right upper quadrant of the abdomen No 
masses or organs were palpable. The pain sub 
sided after several weeks and -she remained 
asymptomatic for about one year. ° 

In May, 1935, she returned with a complaint 
of severe upper abdominal pain which required 
sedatives for relief. Examination r.vXTt 
nodular mass m the left upper quadrant near 
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the midline which was interpreted as a group 
of lymph nodes. This area was irradiated, fol- 
lowed by subsidence of the mass and relief of 
the pain. However, the pain returned in a few 
months at which time a gastrointestinal roent- 
gen examination was done and reported nega- 
tive. Again there was a response of the pain to 
radiation therapy and an interval of freedom 
from discomfort. 

For the next four years she had attacks of 
abdominal pain at intervals which were con- 
trolled by radiation therapy. During this period 
she also developed evidence of the disease in the 
mediastinum, lungs, pelvis and inguinal nodes 
and received roentgen therapy to these loca- 
tions. 

In 1941, twelve years after the onset of the 
disease, she developed lower abdominal cramps 
and diarrhea. Rectal examination revealed a 
firm, lobulated mass outside the rectal wall and 
posterior to it. Other masses were palpable 
throughout the lower abdomen. The intestinal 
symptoms continued as well as the abdominal 
pain and vomiting. Proctoscopic examination 
revealed a stenosis about 8 cm. up and grayish 
white thickened areas in this location. A biopsy 
of one of these lesions was diagnosed as Hodg- 
kin’s disease. A gastrointestinal series showed no 
evidence of intrinsic esophageal, gastric or duo- 
denal disease. Radiation therapy was given to 
the rectal lesions but the patient’s course was 
progressively retrogressive. She continued to 
have abdominal pain until her death a few 
months later. Her disease lasted thirteen years. 

EXTRINSIC GASTROINTESTINAL 
LYMPHOGRANULOMATOSIS 

In this group are the cases of Hod.gkin’s 
disease with gastrointestinal symptoms in 
which there is no clinical, roentgenographic 
or gastroscopic evidence of intrinsic gastro- 
intestinal involvement but in which the 
symptoms are produced by extrinsic pres- 
sure of the enlarged abdominal lymph 
nodes. These are a continuation of the iliac 
chain and are divided into mo groups: the 
mesenteric and the para-aortic. The nodes 
are connected by lymphatic vessels, the 
whole forming one closed system which 
empties into the left jugulosubclavian junc- 
tion by means of the thoracic duct. The 
mesenteric nodes and lymph vessels follow 
the course of the blood vessels supplying 


the abdominal organs. The lymphatics of 
the small bowel, large bowel and rectum 
consist of chains of nodes and vessels which 
follow the course of the superior and in- 
ferior mesenteric blood vessels. The stom- 
ach is drained by lymphatic channels and 
nodes on the greater and lesser curvatures 
which accompany the gastric and gastro- 
epiploic arteries respectively. The pancreas 
and spleen are supplied with lymphatic 
vessels and nodes which follow the course 
of the splenic artery. In like manner, the 
liver and gallbladder are drained by nodes 
and lymph channels which accompany the 
hepatic artery, portal vein, cystic and com- 
mon ducts and right gastroepiploic artery. 

The mesenteric system communicates 
with the para-aortic nodes (Fig. 1). These 
consist of twenty-five or thirty large nodes 
which are distributed along the abdominal 
aorta and inferior vena cava, and surround 
the.ce vessels. Some of the nodes lie in front, 
some behind, others to the right and left of 
the great vessels. There are groups of nodes 
at the origin of the superior and inferior 
mesenteric arteries and of the celiac axis. 
The mesenteric system of lymphatics ac- 
companying these trunks empties into 
these respective groups. 

From 193a to 1942 inclusive a group of 
406 cases of Hodgkin’s disease, proved by 
biopsy, was seen at the Memorial Hospital. 
At the time of writing 295 are dead and iii 
living. Of the entire group 52, or 12.8 per 
cent, developed gastrointestinal symptoms. 
Seven of these cases, of which 6 revealed 
specific gastrointestinal lesions at autopsy 
and I by gastroscopy, have been discussed 
under a previous heading. Hence there were 
45 patients, or ii per cent, in whom there 
was no clinical or roentgenographic evi- 
dence of intrinsic gastrointestinal involve- 
ment. 

These figures are smaller than those of 
other investigators. Ziegler,^" for example, 
states that 35 per cent of the patients with 
Hodgkin’s disease have gastrointestinal dis- 
turbances of which diarrhea is the most 
common symptom. Minot and Isaacs® ana- 
lyzed 477 cases of lymphoblastoma and 
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found that 2S per cent had °L’derTh"s'’rgurris c^parable 

symptom one referable to an " with that given by Goldman® for Hodgkin s 

sion^Nc attempt was made to break down ^ „hole. The frequency with 

the grouped lymphoblastoma into its com 


Infecioi? d.ia'p'hpo.g 
matio node 

Thonacio duct 


Eight latenai 
aoptic nodes ■ 

Right lateral 
aortic nodes 


Prevenou-S 

nodes 


Common iliac 
group 


External iliac 
group (lateral) 

External iliac- 
group (medial) 



'Lumbar 

trunh-S I 

Preaortic 
group 

Left lateral 
aortic nodes 


Preaortic ' 
group ' 
Left lateral ' 
aortic nodes 
Common iliac 
^ nodes (lateral group) , 

- — ; Common iliac 

C nodes (medial group), 

External 
iliac nodes 
(lateral chain) 

•External iliac 
group (medial) 
External iliac 
group (medial) 
H-ypogastric 
nodes 


Abdomino -Aortic Lymph Node^ 
(Schematic) 


ir,c I Adapted from “Anatomy of the Human Lymphatic System” by Rouviere, translated by Tobias. 

Edwards Bros., inc., Ann Arbor, Mich. 1938. (Reproduced by permission.) 

ponent elements so that this figure is not which the initial nodes occurred in the vari- 
comparable with the one we obtained for ous sites is shown in Table i. 

Hodgkin’s disease. The initial symptoms referable to the 

The average age of the 51 patients de- gastrointestinal tract were in most cases ab- 
veloping gastrointestinal manifestations dominal pain or epigastric distress. Some 
was thirty-six years. The number of males individuals, however, had diarrhea, vom- 
in this iiroup was 39 , or 75 per cent, and the iting or gastric hemorrhage as the first 
number of females 13, or 25 per cent. These s>miptom. The frequency of the various in- 
fiaures for average age and sex distribution itial gastrointestinal complaints is summa- 
correspond witlf those for Hodgkin’s dis- rized in Table ii. 

ease in ucncral. Roentgen studies of the gastrointestinal 

The mitial complaint in 37 of the pa- tract were carried out in 33 patients, or 63 
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Table I 

SITE OF INITIAL SUPERFICIAL NODES IN 52 CASES OF 

Hodgkin’s disease with gastrointestinal 

MANIFESTATIONS 


Left neck 

14 

Left lower neck 

II 

Right neck 

12 

Axilla 

4 

Left submaxillary region 

I 

Suprasternal notch 

I 

Inguinal region 

2 

Unknown 

2 

No initial nodes 

5 


per cent of the cases. Of this group approxi- 
mately 50 per cent failed to reveal any ab- 
normality. The positive roentgen findings 
are given in Table iii. 

The average interval from the onset of 
the disease to the appearance of the gastro- 
intestinal symptoms was two years and two 
months. This length of time approximates 
the average life expectancy in this disease 
which, according to numerous authors, is 
about two years and eight months. 

The patients who developed gastroin- 
testinal symptoms had an average life ex- 
pectancy of three years and ten months, or 
one year and two months greater than the 
average life expectancy for all cases of 
Hodgkin’s disease. Minot and Isaacs, in 
their analysis of a large group of lym- 
phomas, also concluded that the duration 
of life was longer in those with symptoms 
referable to the gastrointestinal tract. On 
the other hand, we found that if the onset 
of the disease was with gastrointestinal 
manifestations then the life expectancy was 
short. The average duration of life in 6 pa- 

Table II 

INITIAL abdominal SYMPTOMS IN 52 CASES OF 
Hodgkin’s disease with abdominal 

MANIFESTATIONS 


Abdominal pain 

19 

Epigastric distress 

16 

Nausea and vomiting 

5 

Diarrhea 

5 

Dysphagia 

3 

Gastric hemorrhage 

2 

Flatulence' 

2 


February, 19^6 

dents of this category was nine and a half 
months. 

The explanation for the first phenome- 
non is probably that the patients who live 
longer develop the gastrointestinal compli- 
cations. It is thought by some students of 
the subject (Symmers,^^ Ewing,-* Desjar- 
dins®) that the retroperitoneal lymph nodes 
are involved early in the disease but fail to 
produce symptoms because, as they in- 
crease slowly in size, the abdominal organs 
are able to adjust to this growth for a long 
period of time. It is only when the viscera 
can no longer accommodate themselves to 
the enlargement of the masses that pres- 

Table III 

POSITIVE ROENTGEN FINDINGS IN I4 CASES WITH 
ABDOMINAL LYMPHOGRANULOMATOSIS 

Displacement of stomach or duodenum due to 


extragastric mass 2 

Ulcer at the cardia i 

Deformity of lesser curvature 2 

Irregularity of prepyloric region i 

Crater of the duodenal bulb (ulcer history) 2 

Irregularity of duodenum 4 

Pyloric defect i 

Narrowing of descending colon i 


sure symptoms arise. Hence these symp- 
toms are a late manifestation and only 
those patients who live long enough develop 
them. The superficial, especially the cervi- 
cal lymph adenopathy is but an external 
manifestation of this involvement. The 
finding that 37 out of 52 cases (71 per cent) 
in the present series had the original nodes 
in the neck tends to support this view. 

A case that illustrates the relationship 
between cervical and retroperitoneal dis- 
ease is the following: 

The patient, a male, aged fifty-six, came to 
the clinic with the complaint of a hard swelling 
in the right side of the neck of three months’ 
duration. Examination revealed several firm 
nodes on the right side of the neck, one of which 
was biopsied and reported as Hodgkin’s disease. 
There were no other evidences of disease and 
a roentgenogram of the chest was negative. On 
the basis of these findings the case was thought 
suitable for surgery so a radical neck dissection 
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was performed, followed by deep roentgen 
therapy to the area. Within a year the patient 
developed epigastric distress, an abdominal 
mass and right supraclavicular and axillary 
nodes. A gastrointestinal examination showed 
displacement of the stomach probably due to 
upper abdominal disease. The patient suc- 
cumbed less than one year later. 

In those cases in which the initial symp- 
tom is referable to the gastrointestinal tract 
and the duration of life thereafter is short, 
intra-abdominal disease has probably been 
present for a considerable period although 
the patient may have been relatively 
asymptomatic and may have had no dis- 
cernible external lymph node involvement. 
He may have had vague abdominal pains 
or aches, especially backache, for months 
without its significance being appreciated. 
When the gastrointestinal symptoms ulti- 
mately appear the patient is already in the 
terminal stage of the disease. 

That Hodgkin’s disease may be confined 
to the abdomen for a long period of time 
without external manifestations is illus- 
trated by the following case: 

The patient was a female, aged twenty-nine, 
whose initial symptom was weakness following 
the birth of her second baby. She developed a 
secondary anemia and progressive weakness 
over a period of eighteen months. Then she de- 
veloped a lumbar backache and shortly there- 
after a tumor was found in the left upper quad- 
rant of the abdomen. There was no external 
lymphadenopathy. An abdominal exploration 
was performed at which a large retroperitoneal 
mass was found above the lesser curvature of 
the stomach. In the gastrohepatic omentum 
there was a mass of nodes which involved the 
stomach and there were numerous enlarged 
nodes along the greater curvature. One of these 
w.as removed and reported as cellular Hodg- 
kin’s disease. 

The mass completely disappeared following 
high voltage roentgen irradiation and the pa- 
tient was asymptomatic for four years. There 
Was at no time any demonstrable superficial 
lymphadenopathy. One year later, or five years 
after the onset of the illness, a mass began to 
develop in the epigastrium associated with 
nausea and vomiting. Despite irradiation the 
condition grew worse until there was complete 


pyloric obstruction. A gastroenterostomy was 
performed. The pyloric end of the stomach was 
involved in a mass which completely ^ sur- 
rounded it. No enlarged nodes were found either 
in the gastrocolic or gastrohepatic omentum. 
She died three months later. 

Enlargement of the retroperitoneal nodes 
may be accompanied by pyrexia. For this 
reason a diagnosis of appendicitis is occa- 
sionally made when the pressure produces 
right lower quadrant pain associated with 
fever. There were 3 such patients in this 
series. Two were subjected to laparotomy 
before coming to this clinic and the third 
refused operation despite the fact that his 
physician made a diagnosis of ruptured ap- 
pendix with peritonitis. 

Jaundice may occur in this disease due to 
pressure on the extrahepatic ducts by en- 
larged nodes or to pressure on the intra- 
lobular ducts by intrinsic liver disease. 
There were 4 jaundiced patients in this se- 
ries. 

Therapy is dependent upon the group in 
which the disease falls. In primary lympho- 
granulomatosis of the gastrointestinal tract 
the procedure of choice is surgery, even 
though the regional nodes may be involved. 
These gastric cases are usually explored be- 
cause of a diagnosis of carcinoma. Gastros-- 
copy should afford a means of making the 
correct preoperative diagnosis in some of 
these individuals. Gall® has recently pub- 
lished statistics which show that cases of 
lymphorna which can be treated surgically 
have twice the ’life expectancy of those 
treated by other methods. 

With secondary involvement and with 
extrinsic gastrointestinal disease the treat- 
ment is symptomatic. In addition to trans- 
fusion and general supportive measures the 
chief therapeutic agent is roentgen radia- 
tion. The superficial nodes as well as medi- 
astinal masses are irradiated as they ap- 
pear. The abdomen is irradiated for pain, 
epigastric distress, nausea, vomiting or di- 
arrhea w'ith excellent palliation. Attacks of 
pyrexia are also controlled by irradiating 
the retroperitoneal lymph nodes even 
though they may not be palpable. Many 
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patients are relieved of their symptoms for 
a longer or shorter period of time. This form 
of therapy does not increase the life expec- 
tancy but it does keep the patient comfort- 
able and allows him to carry on for many 
months or several years in some instances. 

SUMMARY AND CONCLUSIONS 

1. There were symptoms referable to the 
gastrointestinal tract in 13 per cent of 406 
cases of Hodgkin’s disease studied at the 
Memorial Hospital from 1932 to 1942. 

2. These symptoms may be produced by 
primary, secondary or extrinsic disease of 
the gastrointestinal tract. 

3. Primary Hodgkin’s disease of the gas- 
trointestinal tract is a distinct entity whose 
treatment is surgical. 

4. Secondary involvement of the gastro- 
intestinal tract may be asymptomatic and 
discovered only at autopsy. 

5. Gastrointestinal manifestations from 
secondary involvement or extrinsic Hodg- 
kin’s disease are usually a late occurrence 
and are found most frequently in the long 
lived patients. 

6. If gastrointestinal symptoms appear 
early in the course of a generalized Hodg- 
kin’s disease the life expectancy as a rule is 
.exceedingly short. 

7. The clinical picture in some instances 
may resemble that of appendicitis. 

8. Roentgen therapy may give consider- 
able symptomatic relief in the cases of sec- 
ondary or extrinsic Hodgkin’s disease of 
the gastrointestinal tract but there is no 
evidence that the life expectancy is in- 
creased. 

Memorial Hospital, 

York Avenue at 68th St., 

New York, N. Y. 
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PRIMARY MESOTHELIOMA (ENDOTHELIOMA) 

OF THE PLEURA 

CASE REPORT 

By ARNOLD D. PIATT, M.D. 
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NEWARK, OHIO 


TTyTITHIN the past few years consid- 
erable literature has appeared on 
the subject of primary mesothelioma of the 
pleura. The varied nomenclature reflects 
the complexity of classifying primary 
diffuse pleural tumors. According to one 
group of writers,^® nearly two hundred 
authors have discussed and offered opinions 
on this entity describing the perplexities of 
the clinical, roentgenographic and patho- 
logic phases. The clinicians and roent- 
genologists indeed have a difficult diag- 
nostic problem when the pathologists, with 
a section of tissue under the microscope, 
argue among themselves as to type and 
histologic origin of the neoplasm. 

Reviewing numerous statistics and data, 
Saccone and Coblenz'® concluded that the 
average frequency of this malignancy in 
necropsies is approximately i.i cases per 
thousand. The age distribution showed 
the greatest prevalence in the forty to 
sixty year bracket. Birnbaum® stated that 
a predominance of the tumor in males 
existed in a ratio of about a to i. There 
seems to be little difference in predilection 
of the pleural cancer for either right or left 
side of the thorax. 

The clinical findings are quite variable 
and confusing, simulating the effects of a 
cltronic inflammatory process and thereby 
masking the true malignant factor. Certain 
symptoms, nevertheless, predominate and 
are outstanding. Pain is persistent and 
appears early in the onset of the disease. A 
dry, irritating, non-productive cough soon 
appears. Hemoptysis is the unusual rather 
than the usual occurrence. Some dyspnea 
may be present and occasionally a low 
grade fever may exist. A rapid' loss in 
energy and some loss in weight usually 
causes the patient to seek medical atten- 


tion. r requeue respiratory anrections are 
one of the major complaints of the patient. 

Roentgen examination provides only 
little help in the early stages of the disease 
in attempting to identify the entity. A 
slight pleural effusion may be seen at the 
base^ of the involved lung. Later, the 
effusion becomes massive with obscuration 
of the entire lung field. Occasionally, 
tumor nodules can be demonstrated as in 
this case, but as a rule they are difficult to 
visualize. Doub and Jones'* advocate in- 
stillation of air following aspiration of the 
fluid in order to outline the tumor nodules 
and they state that “in few conditions is it 
of more value.” A roentgen kymographic 
study may be of aid in differentiating a 
cardiac tumor from a pleural one, if the 
latter is in close relation to the cardiac 
silhouette. 

Significantly, in performing a thora- 
centesis for the pleural effusion, the needle 
se^s to strike a solid resistant tissue with 
diffiedty m forcing the needle through 
the thickened pleura. This fact has been 
emphasized by several authors®'®''“''» as a 
diagnostic aid. The pleural exudate maj 
vary from a straw color, thin serous 
transudate to one of a hemorrhagic nature 
Malignant cells may sometimes be found 

oathlliTr'-'* “ot 

Dufe and"' R -tttnter. 

^uDra> and Rosson" state that “evto 

Jagnosis IS of limited value in the clSS 
diagnosis of malignant pleural disease ” 
Saccone and Coblenz- mention hat a 
rapid rc-iccumulation of Huid occurs usualW 
m a week or less follnw-inrY • 

neoplasm The nl • for this 

' firm, whitish, fibrous nodules 


/j 
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Fig. I. The serofibrinous pleurisy at the left base of 
the lung can be visualized. No fracture of the ribs 
was discerned. 

observed on the surface. The nodulations 
are conglomerate and diffuse, tending to 
encapsulate the lung and partially com- 
press the lung parenchyma. Adhesions may 
fuse the layers of the pleura with often 
adherence of the pericardial sac to the 
malignant infiltration. Metastases are not 
common to distant organs, although cases 
have been reported with involvement in 
the kidney, spleen, adrenals, thyroid and 
brain. Metastatic bone invasion sometimes 
occurs in the ribs, and in our case the 
pelvis contained an extensive tumorous 
infiltration. There is wide extension in the 
majority of cases to all the surrounding 
areas and to the regional lymph nodes. 

The microscopic picture reveals a prev- 
alence of a fibrous stroma and the desmo- 
plastic factor has been strongly emphasized 
by most writers. The tumor cells are of 
medium size, usually polyhedral, cuboidal 
or flat, and typically epithelial in appear- 
ance. These may appear as small alveoli, 
tubules, columns or nests. The nuclei are 
large, anaplastic and vesicular and very 
hyperchromatic, often showing pyknosis. 
Nucleoli are present in the cells and are 
usually faint. Lymphocytic infiltration may 
be seen in the pleural structure with evi- 
dence of chronic inflammation. 


It is generally agreed that the pleura is 
derived embryologically from the meso- 
derm. However, controversy over the 
issue of the origin of pleural mesothelioma 
has resulted in several different views. The 
theory that the tumor arises from the 
endothelial lining of the pleura exclusively 
has the most support and adherents. 
Ewing® and others^’ ^ advance the view that 
the pleural endothelium or the endothelial 
ceils of the lymphatic vessels of the sub- 
pleural space are the site of origin for the 
new growth. Another theory®'^ strongly 
supported for a number of years was that 
the neoplasm originated only from the 
lymphatic endothelium of the pleura. Still 
others^'*’'® express the opinion that there 
is no such thing as a primary pleural cancer 
and that it is secondary to malignancy 
elsewhere, such as primary bronchogenic 
carcinoma. One group^-*® favors a hypo- 
thetical origin from aberrant nests of lung 
epithelium. 

CASE REPORT 

J.H.S., white female, aged thirty-three, in 
November, 1937, first visited a physician 



Fig. 2. The cardiac silhouette is increased as com- 
pared with the examination fifteen months previ- 
ously. The pleural exudate has become quite 
prominent with obscuration of the left costo- 
phrenic angle, and the left diaphragm is elevated 
and partially fixed. (An artefact can be seen in the 
right upper lung field.) 
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(Dr. F.L.U.) with the complaint of constant 
pain in her left lower anterior thorax. A dry, 
unproductive cough was present and the pa- 
tient stated that intermittently she had a low 
grade fever. She related that she suffered a fall 
in 1936, striking her left thorax with her elbow. 
From that time on she noticed some pain on 
moderate respiratory effort. Shortly after the 
accident, she had an attack of influenza and 
was confined to bed for ten days. She resumed 
work as a dictaphone operator but soon gave 
up her job as a result of continual tiredness and 
loss of energy. The patient thought that she 
had a persistent fractured rib due to the ac- 
cident. 

Her past history was essentially negative 
except for an appendectomy and salpingectomy 
many years ago, and the removal of her tonsils. 
She had had the usual childhood diseases. 

Physical examination revealed a rather well 
nourished white female in her early thirties, not 
appearing acutely ill, weighing 149 pounds. 
Temperature was 99.2°F., with a normal pulse 
and respiration. Head and neck were essentially 
negative, except for moderate dental caries. No 



Fm. 3. .A \ertical fr.icturc of the cichth left rib 
antcriorb seen and appears of recent occur- 
rcncc. 






. ^ ‘pujbatjng aense mass is noted m close 
relation to the left heart posteriorly and appears 
contiguous with the heart. Left oblique portion. 


weie present. Auscultation of the heart 

disclosed no abnormality with no enlargement 

on percussion. Blood pressure 122/78. Localized 

tenderness over the eighth left rib anteriorly 

the axillary line was found; however no 

crepreus was obtained. The breast sounds ;ere 

bronchovesicular type with no rMes 

audible in either lung field Thp nKri 

showed a „idli„e scaf bett tie u^biW 

there were no palpable masses. 

A roentgenogram was made of the thorax on 
November 9, igq-; i-ne morax on 

:idnbitTbfih“& 

re^ ^eTeftXpL'°g^" serofibrinous pTeurisy 
tured rib cou^^d bV ^'^'^ence of a frac- 

.I'orav sXI eS 'f 

patient was not seen acain fo r 
The patient tvas neirsefn 

■m by the same physichrrDrp^'rTs"’’ 
plaining of the sever, , F-1..D.), com- 

chea, of varying" f j J" h- left 

wicn soreness now in 


176 


Arnold D. Piatt 


February, 1546 



Fig. 5. Multiple osteolytic areas are observed in the 
bones of the pelvis after the administration of 
pitressin. 


the small of her back. Dyspnea was quite pro- 
nounced on slight exertion and her husband re- 
marked that when she slept a rather loud 
gurgling noise was evidenced during the 
respiratory phase. Loss in weight and pro- 
tracted tiredness now were outstanding symp- 
toms, as well as the dry cough. 

Examination now showed a female with an 
early cachexia prevailing, weight 133 pounds. 
Temperature 99.4°F., pulse 92 and respiratory 
rate 11 . Positive findings consisted of marked 
flatness over the left lower thorax posteriorly 
with subcrepitant rales on auscultation at the 
left base. Breath sounds in the left lung were 
bronchial in character. Respiratory motion on 
the left was limited. Tenderness was again 
localized over the eighth rib on the left side in 
the anterior axillary line. Auscultation of the 
heart revealed the muscular and valvular 
sounds to be within normal limits except fora 
tachycardia. Blood pressure 126/74. The re- 
mainder of the physical findings were normal. 
Laboratory findings were not unusual and were 
within the normal limits. 

A roentgen examination of the chest was 
made on February 14, 1939. The following 
findings were reported: “Vertical fracture of 
the eighth rib on the left side somewhat an- 
teriorly. The cardiac silhouette is considerably 
enlarged both to the right and left as compared 
with the previous exposure taken fifteen 
months ago, with a straightening of the left 
heart border. There is an obscuration of the left 
lower lung field as the result of pleural exudate 
with an eventration of the left diaphragm as 
evidenced under fluoroscopy. Considerable 


hilar and central root branch thickening is ob- 
served on both sides extending towards the 
bases. Thickening of the right upper interlobar 
septum was noted.” 

In view of the roentgenographic findings, the 
patient was referred to a cardiologist (Dr. 
R.C.P.) for consultation. His findings were 
essentially negative except for a sino-auricular 
tachycardia evidenced on the electrocardio- 
gram. The increase in the cardiac dimensions 
were confirmed, as well as the pleural effusion 
at the left base. Palliative therapy was given for 
the pain in the way of mild analgesic medica- 
tion and the patient was requested to return in 
a few weeks for another roentgen examination 
of the chest. 

On March 31, 1939, a roentgen kymogram of 
the chest was made with the following findings: 
“The marked cardiac enlargement is as previ- 
ously reported, more marked on the left. What 
appears to be a pleural exudate is observed at 
the left base behind the cardiac shadow and 
extending slightly up the lateral thoracic wall 
apparently due to capillary attraction. A dense 
mass about the size of a small egg is seen 
roentgenoscopically and kymographically in the 
left oblique position arising from the region of 
the lower left heart silhouette and in close rela- 
tion to the cardiac shadow with a shifting of 
positions. There did not appear to be any defi- 
nite pulsation of the tumefaction apparently 
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Fig. 6 . The pleural effusion, fluid level and partial 
left pneumothorax are quite evident. The meta- 
static nodules in the right lung are of diffuse dis- 
tribution. 
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arising from the left ventricle or pericardium 
at this site.” A tentative diagnosis of a broncho- 
genic cancer was made with several other pos- 
sibilities suggested, such as a rare 
plasm. Pleural mesothelioma was mentioned as 

a remote possibility. 

Shortly after this the patient began to com- 
plain of pain in the pelvic region and lumbo- 
sacral spine. The pelvis was roentgenographed 
on May 5 , I 939 , Allowing the administration of 
I cc. of pitressin intramuscularly, and the tol- 
lowing findings were noted; “Several zones of 
radioparency in the region of the right iliac 
crest at the outer margin and near the left 

anterior inferior iliac spine ’ Fig. 8. Photograph of gross specimen of heart and 
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synchondrosis. The entire picture presents one 
of metastatic infiltration from a malignant 
growth.” It was then felt that we were dealing 
with a primary pulmonary carcinoma second- 
arily involving the pericardium and pleura, 
with metastases to the rib and pelvis. _ _ 
Palliative radiation therapy was adminis- 


specimen with the right lung uncompressed, and 
tumor nodules can be noted at the base. The left 
lung is markedly compressed and atelectatic, and 
is situated towards the rear of the specimen. 


skin) given daily to one of the three fields. 


tered to the thorax and pelvis for the agonizing alternating the fields so that each one was 

constant pain. The factors were; aoo kv. con- ’ in - 

stant potential; filtration 0.5 mm. copper plus 
i.o mm. aluminum in addition to the inherent 
filtration of 0.25 mm. copper; target-skin 
distance 5° cm.; 15 ma.; half-value layer i.i 
mm. copper. The pulmonary fields were con- 
fined to the left thorax and w_ere_^ three in num- 
ber. The anterior and posterior^fields were 15 
by 1 5 cm. and the lateral field was 10 by 10 cm. 

The dosage was 200 roentgens (measured on the 



Fic. 7. Photomicrogmph of left pleur.-i (X80). 
ncm.uo\\lm-coMn •stain. Note the plcxiform cords 
of tumor ctlh. The neoplastic cells can be seen ly- 
inc in the I5 mph epaecs as veil as lining the h mph 
channels. 


treated every fourth day. The total dose de- 
livered to each field was 2,000 r. Four pelvic 
fields were used, each 15 by 15 cm. (left and 
right anterior and posterior). A daily dose of 
200 r was given to one field until a total dose of 
1,000 r was administered to each of the four 
fields. Slight relief from the intense pain in the 
pelvis was observed after several treatments, 
but this was transient. A complete blood count 
was made near the termination of the course of 
irradiation, with the blood picture found to be 
within normal limits. 

Shortly after irradiation was begun thoracen- 
tesis was performed to increase the effect of the 
roentgen therapy. The first was done on May 
^939> ‘I'ld 1,000 cc. of clear straw-colored 
fluid was aspirated. Some difficulty was noted 
in forcing the aspirating needle into the pleural 
space. This was casually mentioned and failed 
to impress us as a diagnostic feature. Aspiration 
was continued about every two weeks for four 
occasions and the exudate was serous and of a 
clear, amber color. Thoracentesis was always 
difficult to accomplish. No malignant cells were 
found microscopically in the aspirated fluid. 

Roentgen therapy was limited due to acute 
respirator)' embarrassment. A roentgenogram 
of the chest was taken soon after the completion 
of the roentgen treatments, on July 7, 1939. 
A pleural effusion in the left lung with a fluid 
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level was discerned. A left partial pneumo- 
thorax is also noted. The right lung shows a 
diffuse mottled infiltration throughout and is 
probably metastatic invasion from the primary 
neoplasm. The enlargement of the cardiac 
silhouette is primarily to the left and may be 
due to pericardial sac retraction or effusion.” 

Later, the patient decided to go to Louisiana 
to visit her family. She remained there for ap- 
proximately two months and while there was 
“tapped” twice and also given neoprontosil by 
mouth. She returned the first part of Septem- 
ber, 1939, for observation and further care. 
Aspiration was again performed on September 
lOj I939 j and the fluid obtained was clear, 
bright red but did not have the viscosity of 
blood. Two more aspirations at ten day in- 
tervals were done, frank blood being obtained 
each time. 

Dyspnea became quite pronounced and 
death ensued, typical of respiratory failure, 
on October 5, 1939. Just before death, she 
complained of severe pain of marked intensity 
in the pelvic region. 

Autopsy. This was performed by Dr. Leo 
Lowbeer of Hillcrest Memorial Hospital, Tulsa, 
Oklahoma, on October 5, 1939. Gross macro- 
scopic examination revealed a highly emaciated 
and anemic white woman with no evidence of 
cyanosis, edema or jaundice. The chest con- 
tained approximately 2,000 cc. of serous amber 
fluid in the right pleural cavity with no pleural 
adhesions noted. The right parietal and visceral 
pleurae were not thickened, although small 
tumor nodules were scattered throughout the 
entire surface of the pulmonary component. 
The left visceral pleura was firmly adherent to 
the pericardium on one side and to the parietal 
pleura of the upper lobe on the other side. An 
encapsulated exudate of about 1,000 cc. of 
rather cloudy, bloody fluid was found between 
the thickened layers of the visceral and parietal 
pleurae of the lower lobe. Almost the entire left 
visceral and parietal pleurae were altered, hav- 
ing a whitish appearance and being greatly 
thickened with adherence of the layers of the 
pleurae to each other as in the upper portion of 
the thorax, or forming pockets or sacs contain- 
ing masses of fibrin, blood clots or serous fluid 
as in the lower thorax. The contiguous surfaces 
of the thickened pleurae presented numerous 
small whitish nodules. The entire left lung, 
especially the lower lobe, was small, compressed 
nnd atelectatic. On cut section, several small 


white nodules were found in the lung. The right 
lung showed some compression with numerous 
nodules scattered in both the upper and lower 
lobes. The large and small bronchi did not re- 
veal any tumor arising from the mucosae of the 
bronchi. The mediastinal lymph nodes were in- 
filtrated by the firm whitish tumor metastases. 

The pericardial cavity was distended and also 
filled with fluid. The inner surface of the peri- 
cardial sac was covered with whitish gray 
neoplastic nodulations apparently penetrating 
from the adherent left visceral pleura. The 
heart was not enlarged, and did not show any 
pathologic change. The valves were normal and 
unaltered. 

The eighth left rib was the seat of a cherry- 
sized osteoclastic metastasis. 

Both breasts were normal, with no malignant 
infiltration. 

An old incision in the midline of the lower 
abdomen was noted. Permission was not granted 
for examination .of the abdominal contents; 
however, the abdominal cavity was inspected 
through the thoracic incision. The liver, spleen, 
kidneys, peritoneum and pelvic organs re- 
vealed no evidence of involvement by the neo- 
plasm. Adhesions were observed in the pelvis 
with an absence of both uterine salpinges. 

Microscopic examination revealed the left 
pleura to be enormously thickened, consisting 
of a fibrous stroma containing numerous, often 
densely packed alveoli, tubules, columns, nests 
and sheets of tumor cells. The cells were poly- 
hedral or cuboidal in appearance, resembling 
epithelial cells with large anaplastic, pleo- 
morphic, mostly round, very hyperchromatic, 
or even pyknotic nuclei. Solid nests and columns 
of these malignant cells could be seen filling 
and distending the countless lymph spaces all 
over the pleura. In some areas, an alveolar ar- 
rangement of the neoplastic cells occurred, 
while in others they seemed to line the lymph 
vessels. Occasionally, a solid plexiform struc- 
ture of cells was observed with pearl-like forma- 
tions resembling squamous cell carcinoma. The 
formation of lumina was discerned in some of 
the solid nests of tumor cells. Mitotic figures 
and some tumor giant cells were noted. The 
pleura showed evidence of chronic inflamma- 
tion with lymphocytic infiltration. On the 
visceral surface, the pleura was covered with a 
thick layer of fibrin. The diaphragm did not 
reveal any tumor invasion. 

The histopathological structure of the lung 
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n^etastases resembled that ^ed in the 

primary pleural tumor, with the malignant 
cells frequently replacing the alveolar epi- 
thelium mid lining the lung alveoli. The lurnina 
of these alveolar structures often remained or 
were filled by masses of tumor cells. 

The mediastinal lymph nodes 
metastatic cells forming solid alveoli and bands 
embedded in old hyaline fibrous scar tissue en- 
closing considerable anthracotic pi^ent. Ihe 
cells were often arranged to form a lumen with 
the cells flattened in single rows simulating 

lymph spaces. . , 

Pathologic Diagnosis: (i) pnrnary mesothe- 
lioma (endothelioma) of the left pleura with 
an old encapsulated pleural serofibrinous- 
hemorrhagic exudate; (a) complete compres- 
sion atelectasis of the left lung; (3) metastases 
to the pericardium with serofibrinous peri- 
carditis; (4) metastases to the right visceral 
pleura with serofibrinous pleurisy; (5) me 
tastases to both lungs especially the right; ( 6 ) 
metastases to the mediastinal lymph nodes; 
(7) osteoclastic metastases in the eighth lett 
rib and pelvis. 


disease. The rib fracture had the appear- 
ance of a recent one, with no roentgen signs 
of a metastatic process, either osteoclastic 
or osteoplastic. The history of a single 
acute trauma again brings up the much 
discussed point as to what part traunia 
did play in the disease. It is believed that 
the blow to the thorax was coincidental, 
although It is quite possible that it may 
have prepared the site for the metastasis by 
lowering rib resistance (localized hemor- 
rhage and interference with circulation). 

The question arises as to what effect 
radiation therapy has on this type of 
neoplasm. The mere presence of anaplastic 
cells together with their debatable his- 
tologic origin alone does not indicate that 
this new growth is radiosensitive in that 
the desmoplastic matrix of the mesothelial 
cellular elements would tend to negate 
these factors. Little definite irradiation 
effect could be ascertained in the micro- 
scopic findings. To a slight degree, the 
hyperchromatism, pyknosis, lymphocytic 


COMMENT 


infiltration and fibrous connective tissue 


The relative infrequency of this tumor, stroma may have resulted from irradiation 
as well as the confusing clinical and roent- but this is to be questioned in that the same 
genologic features, has led us to submit a changes have been described by various 
report of this case. The early symptom authors^^’^^ in untreated cases. Possibly 
of constant pain with loss in energy, plus dosage was inadequate since the therapy 
the persistent pleural effusion and difficulty was terminated on the thorax after a total 
in aspiration, should have made us strongly of 6,000 r on the skin because of the pa- 
suspect the presence of a malignant pleural dent’s respiratory discomfort. A tumor 
neoplasm in view of the roentgenographic dose could not be determined with any 
findings. The increasing diameter of the degree of accuracy on account of the 
cardiac silhouette to the left suggested a persistent pleural effusion and the diffuse- 
heart disease in spite of the lack of other ness of the lesion. The obstructive phenom- 
cardiac confirmatory evidence and con- ena in the lymph channels by tumor cells 
fused the diagnosis. The roentgen kymo- observed microscopically may have in- 
graphic study indicated a non-pulsating terfered with the cell-fluid exchange in- 
tumor but the contiguity with the heart creasing the effusion in the left chest cavity, 
shadow made it appear that we might be Stewart and Farrow^^ mention that one 
dealing with a rare cardiac neoplasm. It is case of pleural endothelioma, treated by 
interesting to note the duration of the radiation therapy, showed no response 
svmptoms. For over a period of two years after a dosage of 6,000 r. Others^^-is have 
the patient liad the intense gnawing pain mentioned the use of roentgen therapy as a 
in her left lower thorax, interpreting it as palliative measure with temporary im 
the result of an injury sustained to this provement clinically. The doses have 
region. Undoubtedly the rib invasion was varied from 5,000 to 6,000 r with no 
in'closc conjunction with the onset of the reference as to whether these were tumor or 
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skin doses. Microscopic alteration or in- 
fluence on the tumor following irradiation 
has not been previously alluded to and it is 
to be wondered to what extent irradiation 
influenced the neoplasm to bring about 
improvement, if any. 

The next question is whether or not 
irradiation increased the atelectatic and 
fibrosing processes in the left lung. Only 
speculation can be made in an attempt to 
answer this question. If the mesothelial 
cells were not affected, then one could 
hardly expect the fibrous connective tissue 
to be influenced, and stroma of this type 
could occur only as the end-result of intense 
irradiation. Nevertheless, it must be kept 
in mind that a stimulating dose might have 
been given the neoplasm. The value of 
roentgen therapy in this condition is diffi- 
cult to determine, and more histopatho- 
logic studies should be made in order to 
properly interpret its efficacy. 

44 E. Church St., 

Newark, Ohio. 

The author wishes to thank Dr. F. L. Underwood 
and Dr. Leo Lowbeer, of Tulsa, Oklahoma, for their 
cooperation and permission to report this case. 
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UNUSUAL URINARY CALCULI 

BRIEF REVIEW OF THE LITERATURE AND REPORT OF SIX CASES=^ 


By E. J. BERTIN, M.D. 

PHllADELPmA, PENNSYLVANIA 


TN JULY, 1896, only six months after 

Rontgen discovered the x-ray, James - 
Adams, a_ Glasgow Surgeon, first detected 
roentgenographically and successfully re- 
moved a renal calculus. Usually, one can 
recognize a calculus from the plain roent- 
genogram, but in many cases excretory or 
retrograde pyelography or both are neces- 
sary for exact diagnosis and localization. 

This discussion will be limited to a few 
of the more interesting recorded cases and 
a report of our 6 unusual cases of urinary 
calculi selected from patients studied at 
the Misericordia Hospital during the past 
seventeen years. The diagnosis of these 
cases could be easily made from the plain 
roentgenogram alone; and the calculi are of 
unusual interest because of their size, lo- 
cation and history of development. 

Since the introduction of intravenous 
urography by von Lichtenberg and Swiclf*® 
in 1929 the literature on urinary tract dis- 
ease has greatly increased, and it has been 
estimated that about 80 per cent of uri- 
nary tract studies have been made for the 
determination of the presence or absence 
of urinary calculi. 

REVIEW or THE LITERATURE 

Caulk" reported giant coral stones whicli com- 
pletely filled the pelvis and c.alices of both kidnej-s. 
The right calculus measured 12 cm. and the left 
16.5 cm. in their vertical diameters. There was also a 
bladder stone S.5 cm. in diameter. 

Harries,*’ in 1937 described a case of bilateral 
renal c.alcuh m a male, aged fifty-two, in which the 
right kidney stone weighed 24 ounces and the left 9 
ounces. The chief complaint was a lump in the right 
side which appeared nine months previous to his 
admission to the hospital. 

Cecil* reported a hollow right renal stone j 5 bv 
by 2 cm. in a male, aged thirty-one. The patient w,-,s 
kicked by a horse at the age of three, and the lower 
n^ht nhs were fractured. 

Stevens” reported a case of bilateral gianturcterai 


calculi in a male, aged thirty-three. The left weighed 
50 grams, the right 18 grams. 

RandalP® described the largest bladder stone on 
record; it measured 48 cm. in its greatest circumfer- 
ence and weighed 64 ounces wet and 56 ounces when 
dry. 

Holman"* reported a urethral stone in an eight 
and one-half months pregnant woman. Several 
months before, she attempted abortion with slippery 
elm. A piece of elm bark was found as the nucleus. 
The stone measured 2| by li inches in diameter. 

In 1943, Higgins»of the Cleveland Clinic reported 
7 cases of urethral stones in a twenty-two year period 
after 1921. 

Graham** described the case of a male, aged fifty- 
two, with pain and swelling in the perineum. In 
I9JO, the patient was kicked between the legs. For 
the next two weeks he had occasional hematuria- 
later a perineal abscess developed which left a 
draining sinus. In 1938 he developed acute retention 
and a lump the size of a hen’s egg, in the perineum. 

The removed calculus from the posterior urethra 
weighed 24 grams. uicmra 

LeComte” noted that calculi seldom lodge in the 
male urethra. He found only 7 instances in 2 000 
urological cases. He also mentions a case in which 
230 stones were passed. 

Broofcsher* reports the case of a mnie aied fortv 
who two pears before stodp. had a eriefoS 
renal coho and passed foor stones ooeTear latt 

fc.nghsch “ observed that abnnt ao - 

urethral calculi are in the memK 

verc impacted or secondary’ eSu 
«co»da,pcal„; ,e 't'n,T? of 
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Fig. I. Case i. Intravenous urogram showing a large 
fragmented dendritic calculus completely filling 
the structures of the right kidney; no excretion 
from this kidney. The left kidney functions nor- 
mally. 

Heckel and Johannesen^'* report the case of a male, 
aged sixty-three, with a primary urethral calculus the 
size of an olive. 

d’Offay*^ published the case of a male, aged sixty- 
six, who nineteen years before, had injured his 
perineum. He suffered considerable pain following 
the injury but sought no treatment. Three years 
later he developed difficulty in passing his water. 
The stream became very thin one year before admis- 
sion. He felt a lump in the perineum. The removed 
stone m.easured 5 by inches. 

Thomson'*'’ reports the case of a male, aged fifty- 
five, who for ten years had passed gravel, with some 
pain and frequenc)\ The removed urethral stone 
measured by I5 inches. The majority of urethral 
calculi are associated with local dilatation or divertic- 
ulum secondary to chronic obstruction. The gener- 
ally accepted predisposing cause for all urinary 
calculi are obstruction, stasis and infection. Many of 
the reported cases do not specify whether ureteral or 
urethral stones are primary or secondary. The great 
majority of these calculi are, however, secondary. 
We have seen several calculi develop in the site 
from which a stone had been previously removed un- 
doubtedly due to trauma and associated stasis and 
obstruction, 

CASE REPORTS* 

Case i. A male, aged sixty-three, was ad- 
mitted to the Misericordia Hospital, June 17, 

• We arc indebted to Dr. A. E. Bothe, Genito-urinar;- Surgeon 
to the Misericordia Hospital, for permission to report 3 of rhesc 
cases. 


\943> because of gastric distress, loss of appe- 
tite, general weakness, dyspnea and edema of 
the ankles. In 1927 the patient had a stone 
removed from the right kidney. At present, 
sisteen years after the kidney operation, there 
is a hard mass easily palpated through the thin 
relaxed scar in the right kidney region which 
is especially prominent during coughing or 
straining, indicating a large incisional hernia. 
Nearly the entire kidney can be distinctly felt 
through the herniated relaxed scar. The pres- 
ence of a large calculus in this kidney was sug- 
gested by the surgeon even before the roentgen 
examination was made. The general condition 
of the patient was obviously poor. There were 
no complaints of the patient in regard to the 
right kidney except that he mentions a lump 
and big scar in the right kidney area. 

Urinalysis: Sp. gr. 1.021, albumin 3 plus, 
loaded with pus cells, and calcium oxalate crys- 
tals. 

Roentgen examination of the abdomen shows 
definite enlargement of the liver. The left kid- 
ney is moderately enlarged and unusually 
dense. The right kidney is apparently normal in 
size but contains a hugh calculus completely 
filling the pelvis, calices and uppennost por- 
tion of the ureter, all of which structures are 
greatly enlarged. There is a complete fracture 
through the base of the upper part of the 
calculus at its junction with the pelvic portion. 



Fig. 2. Case i. Close-up roentgenogram of the large 
fragmented dendritic calculus. 
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The greatest vertical diameter of this dendritic 
calculus as measured from the roentgenogram 
is 12.5 cm.; its greatest transverse diameter 
6.5 cm. Intravenous urography shows the ap- 
pearance of the dye in the pelvis and calices of 
the left kidney five minutes after the injection. 
There is no dilatation, obstruction or any other 
abnormality in the left urinary tract. The 
bladder is well distended and is normal in con- 
tour except for pressure effect on its inferior 
margin suggesting enlarged prostate. The cor- 
tex of the right kidney seems to be reduced to a 
thin membrane only about 5 mm. in thickness. 
Six days after admission, a right nephrectomy 
was performed. 

Pathological Report: The entire removed 
specimen weighed 240 gm. The specimen is 
completely filled with palpable stones. The cal- 
culi from the specimen weighed 100 gm. In the 
mid-pelvis there is a point of articulation with 
facetted surfaces. The calices are greatly dilated 
and contain granular debris. Microscopic sec- 
tion showed marked reduction in stroma and 
tubular elements. Diagnosis: Nephrolithiasis, 
pyonephritis. Patient died twenty-four hours 
after operation of cardiac failure. 

Case ii. A female aged sixty-three, was ad- 
mitted to the Misericordia Hospital, August 18, 
1940, apparently in good health. About four 
weeks previous to admission, she sustained a 
slight back injury in Florida. The roentgen ex- 



Fi(,. .5. C.-ice II. Pl.iin rocntgenogr.im of the abdomen 
showing a l.argc he.art-slmped opacity in the upper 
IX)lc of the rigiit kidney. 



Fig. 4. Case ii. A close-up of the large calcified area 
which proved to be a healed tuberculous lesion, 
producing no symptoms. 


anuwcu no evjaence ot 

fracture or other injury but she was told that 
she had a large stone in the right kidney and to 
see her doctor when she returned to Phila- 
delphia. In 1905 at the age of twenty-eight, pa- 
tient was pronounced “tubercular” and spent 
two years m a sanatorium. At the present time 
pamnt has only slight backache and is svor Sd 
abon, the latge nght kidney stone. Blood and 
me examinations were essentially negative 

the da) of admission shows on the plain abdom’ 

miT bf 

mass 0 b) 5 cm. somewhat hearr 1 

wilrihe s;pr"Tar± 

raphy showc rb« ' ^ ^'^’^’'^'"enous urog- 

calcified body retains^the^ 

upper pole of the right kid^"^^ relation with the 

’ ’ through a posterior incision. 
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Fig. 5. Case iii. Plain roentgenogram of the abdomen 
showing the large calculus in the lower portion of 
the left ureter which developed several years fol- 
lowing left nephrectomy. A calculus is also shown 
in the region from which the left kidney has been 
removed. 

the right kidney was exposed; slightly less than 
the upper fourth of the right kidney was re- 
moved with possible incorporation of the right 
suprarenal gland. Patient made an uneventful 
recovery. 

Clinical Diagnosis: Tuberculosis of the kid- 
ney. Gross description: Specimen consists of a 
cystic mass measuring 6 by 5 by 3.5 cm. The 
wall of the cyst is thick and fibrous; the lumen 
contains a large amount of white pasty opaque 
fluid. Microscopic examination; The gross 
findings and histopathologic pictures are con- 
sistent with a diagnosis of healed tuberculosis 
of the kidney. Patient made an uneventful re- 
covery. 

Case in. Female, aged seventy-two, ad- 
mitted to the Hospital August 22, 1944, because 
of nausea and vomiting; frequency of urination 
and burning pain in the bladder region. Tem- 
perature, pulse and respiration, normal. Uri- 
nalysis: sp. gr. 1.017, negative for albumin, pus 
cells and casts. 

November 14, 1935, patient had a cystos- 
tomy for the removal of a vesical stone. April 
193b, had left nephrectomy for left renal 
stone. Patient w'as again admitted on April 26, 
1938, for left retroperitoneal abscess which was 


incised and drained. The wound continued to 
drain for many months. November, 1938, the 
sinus tract was injected with viscid skiodan. 
This showed a narrow sinus tract communi- 
cating with the area from which the kidney had 
been removed. The kidney bed is represented 
by an accumulation of the opaque material 
producing a shadow comparable in size and 
shape to a gall bladder. The entire left ureter 
is well outlined with the solution and is moder- 
ately dilated down to a point corresponding to 
the position of the left ureteral orifice. Not any 
of the skiodan entered the bladder. The sinus 
tract is therefore communicating with a patent 
left ureter which is dilated and apparently ob- 
structed at the ureteral orifice. There is a calci- 
fied body in the left kidney region. The plain 
roentgenogram showed an additional laminated 
calculus about 0.5 cm. in diameter located 
about 2 inches above the left ureteral orifice. 

The recent roentgen examination, August 23, 
1 944, shows on the plain roentgenogram two 
calcified bodies, one 1.25 cm., the other 0.5 cm. 
in diameter located in the left kidney area. 
There is a large calcified body located in the 
lower portion of the left ureter 7 cm. in length 
and slightly more than i cm. in its greatest 
transverse diameter, indicating a large left ure- 
teral calculus. 

This calculus has therefore developed from a 



Fig. 6. Case ni. Intravenous urogram showing good 
right kidney function as indicated by the amount 
of dye injthe bladder, after about thirty minutes. 
The large calculus is again shown in the lower 
portion of the left ureter. 
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small stone which was present in 1938. At that 
time the calculus in the lower ureter measured 
about 0.5 cm. in its greatest diameter. This 
calculus has developed to its present size since 
the removal of the left kidney. 

Case iv. Male, aged thirty-seven, admitted 
June 7, 1936, because of pain and swelling in 
the lower abdomen and general weakness. For 
the past two years patient has had a sharp pain 
at frequent intervals in the left side lasting 
about one hour, gradually becoming more se- 
vere and more frequent. For the past two 
weeks, pain has been constant. Patient has 
chills, frequency and burning after urination. 
Past history: General health, fair. Has had four 
operations for recurring double inguinal hernia. 
At the age of eight, he fell astride a fire-plug in- 
juring his penis and urethra. Has had sounds 
passed for urethral stricture since that time up 
to twelve years ago. On admission, temperature 
varies from 99 to 102° F.; pulse 80 to 120; respi- 
rations 24. 

Roentgen examination at this time, twenty- 
nine years after injury, shows an indistinct out- 
line of the right kidney which appears to be 
larger than normal. The left kidney outline is 
not clearly shown, but there seems to be a soft 
tissue mass in the left kidney area. There is a 
large calcified body 20 cm. long and 3.75 cm. 



I-ig. 7. C.nsc IV. Intravenous urogram showing two of 
the dilated up|>er calices of the right kidnev no 
excretion from the left kidney up to one and one 
half hours, and a huge articulating calculus in the 
lower left ureter. 



rig. 0. Uase iv. A close-up of the calculus which is 
probably the largest recorded ureteral stone. 

at its widest point, measured from the roent- 
genogram, located in the lower left quadrant 
divided by what appears to be an articulation 
below Its middle, apparently located in the 
lower half of the left ureter. There is also an 
oval laminated shadow in the region of the 
lower po e of the right kidney, probably a right 
renal calculus. Intravenous urography shows 
the appearance of the dye in the calices of the 
n^ght kidney ten minutes after the injection. 
TFe cahees are markedly dilated. Here again 
the calculus is shown m the lower pole of the 

of the dye in the structures on the left side up 
to one and one-half hours after the in|e«ion 
. 7 > 1936, under ether anesthesia a Ipfr 

inguinal incision was made. A large quantity of 

msertrf for drainage! No attempt las^adrS 

Ju h™ for,"' '• 

identified and a, • bladder was 

by dissection. The^Srureto upward 

cised and opened. ThlS^vTo '*1: 

was removed, with ^ ° calculi 

The upper st^ne lasTnifn"”^^ T 
difficulty; this crumbled 
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Fig. 9. Case v. Large calculus in the prostatic portion 

of the urethra proved by operation. 

inserted into the left ureter and connected to a 
drainage bottle. The prevesical space was 
packed with gauze and a cigarette drain. 

The urine on admission showed from i to 2 
plus albumin, sp. gr. i.oio to 1.018, from few to 
many pus cells, amorphous and triple phos- 
phates; red blood cells 4,500,000; leukocytes 
from 11,000 to 15,000. Blood chemistry: blood 
urea nitrogen, 22; blood sugar, 115. 

August 12, 1936, nephrectomy was per- 
formed through a posterior incision. Patholog- 
ical diagnosis: Chronic pyonephrosis, left 
kidney measuring ii by 6 by 5 cm. Pelvis 
greatly dilated, calices obliterated. 

Drainage was free for the following months 
and the patient pursued a slow but gradually 
retrogressive course and died on May 31, 1937- 

Case V. Male, aged twenty-nine, admitted to 
the Misericordia Hospital, iS^ovember 7, 1927, 
with pain in the region of both kidneys of seven 
months’ duration radiating to the scrotum, par- 
ticularly on the right side. The pain was as- 
sociated with frequency and burning. He has 
never noted any blood in the urine and denies 
venereal infection. He has had night sweats, 
cough and occasional hemoptysis. Urinalysis: 
sp. gr. 1.025, heav}”^ trace of albumin, many 
)eiikoc3'tes. No tubercle bacilli in sputum or 
urine. Wassermann test, negative. Tempera- 
ture, pulse and respiration normal. 

Roentgen examination of the chest showed 
irregular mottled infiltration in the apex of the 
right upper lobe with contraction of the tho- 
racic cage in this area and lesser involvement 


in the left apex. The appearance indicates bi- 
lateral chronic fibroid tuberculosis. 

Roentgen examination of the abdomen and 
pelvis made November 10, 1927, shows a bullet- 
shaped calcified body located in the region of 
the neck of the bladder measuring 3.75 cm. in 
its longitudinal and 2 cm. in its transverse 
diameter, indicating a large calculus located 
probably in the vesical neck. A clinical diag- 
nosis of posterior urethral calculus had been 
made by the urologist but the location of the 
concretion on the roentgenogram seemed to be 
somewhat above the usual position of the pro- 
static urethra. 

Cystoscopic report, November ii, 1927: A 
grating sensation was felt as a large cystoscope 
was passed through the posterior urethra. No 
residue of urine. The bladder neck, mucous 
membrane and ureteral orifices appeared nor- 
mal. Trigone is slightly congested. When the 
scope was withdrawn about one inch from the 
posterior urethra, a lobulated stone lodged in a 
diverticulum was seen. Rectal examination re- 
vealed the prostate stony hard and nodular. 
Diagnosis: Large calculus located in a divertic- 
ulum in the prostatic urethra. 

November 18, 1927, under sacral anesthesia, 
the calculus was removed through a perineal 
incision. The prostate was identified, an open- 



Fjg. 10. Case vi. Two calculi in a diverticulum in the 
anterior urethra. There are also numerous small 
calculi in the prostate gland. 
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ing made into the posterior urethra and the 
calculus extracted. Patient discharged cured 
December 19, 1927 - 

Case VI. Male, aged seventy, admitted to the 
Misericordia Hospital November 23, 1942, suf- 
fering from acute retention of urine. At the age 
of thirty-six (thirty-four years ago) the patient 
fell astride a wagon-wheel, rupturing his urethra 
which was repaired a few days later. No history 
of venereal disease. At intervals of a few months 
during the past thirty-four years patient has 
suffered from attacks of acute retention. At 
such times a warm bath would enable him to 
pass a catheter and thus obtain relief. Many 
sounds have been passed for dilatation of the 
urethral stricture with no apparent permanent 
benefit. Temperature, pulse and respiration 
normal. Urinalysis: sp. gr. i.oiSj albumin plus 
•2; blood urea nitrogen ii. 

Intravenous urography November 24, 1942, 
showed the appearance of the dye in the pelvis 
and calices of both kidneys five minutes after 
the injection. There was considerable output 
after only twenty minutes, indicating good re- 
nal function. The bladder wall is slightly thick- 
ened and suggests chronic cystitis. 

A small roentgenogram made of the bladder 
area twenty minutes after the injection shows 
two sharply defined oval calcified bodies, one 
r.5 cm., the other 0.5 cm., located in the mid- 
line approximately in the middle third of the 
anterior urethra. There are also a few small 
calcified bodies beneath the pubic arch suggest- 
ing prostatic calculi. 

November 25, 1942, patient had acute reten- 
tion; a catheter could not be passed and a 
suprapubic cystostomy was performed. A sound 
was passed through the bladder into the pos- 
terior urethra and another sound was passed 
into the anterior urethra. An incision was made 
over the sound in the posterior urethra through 
a dense fibrous stricture and two stones were 
removed. A suprapubic tube was placed in the 
bladder and a catheter passed through the 
penile urethra into the bladder. After four 
weeks a flexible bougie was passed and the pa- 
tient was discharged in good condition Decem- 
ber 24, 1942. 


DISCUSSION 

Six cases of unusual urinary tract calculi 
have been presented. Case 1 is of special in- 
terest because of the large size of tlie den- 
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dritic stone (12.5 by 6.5 cm., weighing 100 
gm.); the long period for its development 
(sixteen years) ; the marked mobility of the 
kidney in a large incisional hernia; the rec- 
ognition of the stone by palpation, and the 
presence of a fracture which proved to be 
an articulation. 

Case II impressed us as being an odd pic- 
ture of healed tuberculosis, because of the 
sharp definition and shape of the dense 
shadow in the upper pole of the left kidney. 
There was no disturbance of function or 
distortion of the pelvis or calices, but there 
is an old history (thirty-five years ago) of 
pulmonary tuberculosis. From the roentgen 
studies calcification of the left adrenal 
gland was suggested. 

Case III is of unusual interest because of 
the large size of the ureteral concretion (7 
by 1.25 cm.); its development for the most 
part during the six years following left ne- 
phrectomy. 

Case IV we believe is the largest ureteral 
stone ever reported. It developed during a 
twenty-nine year period following an in- 
jury to the penis and urethra, several plas- 
tic operations and four herniorrhaphies for 
bilateral recurring inguinal hernias. It de- 
veloped into two articulating fragments. 

Cases V and vi. According to the litera- 
ture primary calculi in the urethra are rare. 
In Case v, the large calculus developed in 
a diverticulum in the prostatic urethra and 
in Case vi, the two calculi developed in the 
anterior urethra, posterior to a urethral 
stricture. With one exception these cases il- 
lustrate that obstruction, stasis and infec- 

caicutr P’'^^’sposing causes of urinary 
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MASSIVE CALCIFICATION OF THE LIVER* 

CASE REPORT WITH A DISCUSSION OF ITS ETIOLOGY ON THE 
BASIS OF ALVEOLAR HYDATID DISEASE 

By MAJOR NORMAN HEILBRUN «»// CAPTAIN ANDREW J. KLEIN 
Medical Corps, Army of the United States 


A CASE of massive calcification of the 
liver parenchyma has been encoun- 
tered recently which is thought worthy of 
reporting together with a discussion of its 
probable etiology. 

Calcification in many organs of the body 
is commonly seen on roentgenographic 
examination, but its occurrence within the 
liver parenchyma is not. Its occurrence in 
the liver upon roentgen examination of the 
abdomen and the etiological factors have 
been commented upon.-* In a series of 
8,000 autopsies massive calcification of 
the liver parenchyma was observed only 
once and its etiology was undetermined.® 
Echinococcus disease is probably the 
commonest cause of calcification within the 
liver and the unilocular variety is by far 
the most common and most widespread. 
The unilocular hydatid cyst if unrestricted 
in its growth is oval or round in shape.L^.® 
Its wall consists of two layers~an outer 
chitinous cuticle with characteristic lami- 
nations facing the protective fibrous cap- 
sule of the host and an inner germinal 
layer. Tlie growth of the germinal layer by 
invagination produces daughter cysts which 
contain scolices. These, in turn, may form 
granddaughter cysts. Around the mother 
sac of this unilocular cyst a protective 
fibrous tissue capsule is developed from the 
tissues of the host. .As the parasite grows 
older and larger, areas of degeneration may 
occur in the host’s capsular tissues. Calcium 
deposits may be laid down in these areas 
which may then be observed roentceno 
graphically. They have a curvilinear 
round, smooth outline and mav form a 
complete coalcscent shell about the para- 
site. Occasionally some deposition of lime 
salts may occur m the parasite itself, 
especial y if ,t has dieti, but this is cen 
crally slight and is not of diagnostic-im 
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portance compared „ 

calcification of the fibrous capsule. 

In other organs or tissues of different 
contrast, such as the lung or bone, the 
unilocular cyst may be discovered as a 
rounded area of increased density or as a 
destructive lesion. In the absence of 
calcification the diagnosis of echinococcus 
disease may be made by finding cysts from 
the ruptured contents. If the cyst can be 
reached by needle, scolices may be found 
in the aspirated fluid. While the hydatid is 
alive it produces antigens which will cause 
positive skin and complement-fixation tests. 
When death occurs the antigenic properties 
may be lost so that the immunologic tests 
may become negative. If calcification has 
occurred a positive diagnosis can be made 
Irom the characteristic roentgen appear- 
ance even m the absence of positive im- 
munologic tests. 

In contrast to the unilocular variety met 
with in all parts of the world, another less 
common but definite type known as the 
alveolar hydatid,^, occurs in certain geo- 
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unilocular variety and contain a jelly-1 ke 
substance instead of fluid. In nrlT.- 
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nourished and necrotic, and calcification 
may then occur. If all of the alveolar 
hydatid eventually dies, the whole mass 
may then become calcified and present 
itself as a large coalescent mass of ir- 
regularly calcified bodies of somewhat 
uniform size. The metastatic hydatids 
which are usually smaller may also undergo 
a similar type of calcification upon their 
death. 

Because characteristic calcification of 
alveolar hydatids has not been generally 
described, the following case is reported. 
Although a positive diagnosis could not be 
established because the skin and com- 
plement-fixation tests Were negative, it is 
felt that the type and distribution of the 
calcification in the liver is best explained by 
alveolar hydatid disease. The lack of 
positive immunologic tests can be explained 
by the complete death of the organism, 
with loss of antigenic properties. At any 
rate, the unusualness of the calcification 
as manifested is enough to warrant its 
report with the hope that it may stimulate 
others to report similar findings. 

CASE REPORT 

The patient is a white soldier, aged thirty- 
two. He was admitted on March 15, 1944, after 
having been returned from overseas. There 
were no specific complaints on admission. How- 
ever, in February, 1942,, he had been admitted 
to a civilian hospital because of a painless 
jaundice noted ten days before admission and 
was in the hospital for thirteen days. He was 
treated medically. The jaundice gradually 
cleared and he felt perfectly well after approxi- 
mately two months. For a year before this 
illness, he had been in the habit of taking about 
ten shots of whiskey with beer as a chaser for 
two or three days on each week-end. At this 
time he ate very little food. During his treat- 
ment in the hospital a routine serological test 
for syphilis was positive and remained positive 
after the jaundice cleared. Antiluetic treatment 
was therefore instituted. The record from the 
civilian hsopital revealed calcification of the 
liver on roentgen examination. The patient 
denies any knowledge of its existence. He gave 
no history of a primary lesion and denied any 
knowledge of any illness during his lifetime up 
to the time of his attack of jaundice. He w.as 


born and had lived in Czecho-Slovakia until 
the age of nine years when he came to the 
United States. 

On induction into the Army the serologic 
test for syphilis was still positive in spite of 
the fact that he had had some treatment. A 
routine course of antisyphilitic therapy was ad- 
ministered following his induction in the spring 
of ^943- During the course of his treatment he 
went overseas. Upon the completion of the 
course in December, 1943, he was admitted to 
an overseas General Hospital for a final check- 
up. The spinal fluid was found to be negative 
but the blood continued to be positive. A 
physical examination at this time revealed a 
hard, round mass in the epigastrium which was 
identified as being connected with the liver. 
The spleen was also found to be enlarged. 
Roentgen studies showed that there was a 
large, irregular, calcified mass in the left lobe 
of the liver with several smaller calcified masses 
scattered throughout the right lobe. Gastro- 
intestinal studies were negative with the excep- 
tion of displacement of the stomach and duo- 
denum by the enlarged left and right lobes of 
the liver. Laboratory examinations at that 
time indicated some impairment of liver func- 
tion. 

Because of this enlargement of the liver and 
the unusual roentgenographic findings, the 
patient was returned to the United States for 
further studies. 

Here, no additional facts in the history were 
ascertained. The physical examinations re- 
vealed no additional findings. There were no 
specific complaints and his general state seemed 
to be fairly good. The various laboratory pro- 
cedures to estimate his liver function showed 
that the serum proteins were slightly decreased, 
the albumin ranging between 3.5 and 4.0 mg. 
per 100 cc. The cephalin flocculation test was 
I plus in forty-eight hours and another at a 
later date showed no flocculation. The icteric 
index was within nonnal limits. Two hippuric 
acid tests showed that slightly less than i gram 
of benzoic acid was excreted. All of the blood 
counts showed normal values for red cells and 
hemoglobin, but the white ceil count showed a 
persistent leukopenia of moderate degree. The 
neutrophiles were slightly depressed. The blood 
serology was again positive. The complement- 
fixation test for echinococcus was negative. 
Echinoccoccus antigen for skin testing was not 
available at this time. 

Peritoneoscopy confirmed the presence of the 
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stony hard mass. The liver surface in addition 
was somewhat irregular. No biopsy was ob- 
tained because of the hardness of the mass. 

Roentgenological Findings. The plain ab- 
dominal roentgenograms (Fig. i and 2) show a 
rounded 12.0 cm. mottled and irregularly calci- 
fied mass in the central portion of the upper 
abdomen just below the diaphragm which cor- 
responds to the left lobe of the liver. There was 
no distinct calcified rim or capsule. Scattered 
throughout the right lobe, but somewhat more 
posteriorly, are similar areas of calcification. 
These are not arranged in any discrete mass but 
are irregularly distributed in the right lobe 
lying just anterior to the twelfth dorsal vertebra 
on the lateral projection and range from i.o to 
2.0 cm. in diameter. No other calcification is 
noted in any other part of the abdomen. The 
spleen is also enlarged and extends almost to 
the iliac crest. The kidney shadows and psoas 
shadows are normal. Roentgenoscopically, no 
limitation of the motion of the diaphragm leaf 
was noted on either side. 

Gastrointestinal studies showed no evidence 
of varix formation of the esophagus. As shown 



I'm I. .\n anteroposterior abdemma! view show 
the large coalesccnt, mottled, calcified mass in 
left obc and the similar smaller more disc, 
s.-itel!itc masses in the right lobe. The cnlar 
spleen is also clcarK outlined. 



Fig. a. A lateral view showing the relationship of the 
calcified masses to the abdominal structures. 
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Fig. 3. Posteroanterior view showing relationship of 
stomach and upper small intestine to the calcified 
densities within the liver. 


teins were 6.5 mg. per 100 cc. The bromsulfalein 
excretion was normal. 

Infra-red photographs of the abdominal wall 
showed prominence of the veins supporting the 
evidence in favor of cirrhosis. 

The patient was discharged from the hospital 
with a diagnosis of cirrhosis of the liver and 
returned to duty. It was felt that the toxins 
from the original lesion responsible for the cal- 
cified masses in the liver had resulted in injury 
to liver tissue and that in addition to the calci- 
fication of the parasite there was a nodular 
cirrhosis which had resulted from the liver cell 
damage. 

COMMENT 

Since calcification in liver parenchyma 
is so rare it was difficult to entertain a large 
differential diagnosis. Several possibilities 
were considered. Because of the positive 
serology a luetic cause was considered but 
calcification does not occur in luetic 
cirrhosis. Calcified hemangioma was a 
possibility but there was no bruit. The 
lack of any history of previous illness 
seemed to be against an abscess with 
subsequent calcification of the cavity. 
Calcification following amebic abscess is 
not mentioned in the textbooks of pathol- 
ogy. In view of the lack of any history of 
previous illness and the prevalence of 
alveolar hydatid disease in the area where 
this patient lived as a child until the age 


of nine, it is felt that the calcification in 
this case is best explained etiologically on 
this basis. The reason for the lack of sup- 
porting immunologic data is discussed 
above. 




Fig. 4. Lateral view showing same relationships. 
Note the anterior displacement and extrinsic de- 
formity of the proximal duodenum. 


CONCLUSION 

A case of unusual calcification in the 
liver is reported, together with a discussion 
of its etiology on the basis of alveolar 
hydatid disease. 
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CONGENITAL ABSENCE OF PEDICLE FROM 
THE CERVICAL VERTEBRA 

REPORT OF THREE CASES 
By LEE A. HADLET, M.D. 

SYRACUSE, NEW YORK 


T /VARIOUS types of congenital anomalies 
' are a common finding in the cervical 
region. These range from the block fusion 
of two or more adjacent vertebral bodies to 
the Klippel-Feil syndrome characterized 
by fusion of numerous segments, hemi- 
vertebrae, spina bifida, scoliosis and other 
deformities. These disturbances of seg- 
mentation probably arise in the blastemal 
or chondral periods of development within 
the first eight weeks of fetal life. 

Another congenital condition, atlanto- 
occipital fusion, with or without platy- 
basia, may be the cause of neurological 
symptoms from constriction of the foramen 
magnum. Foramen distortion may result 
also from cervical vertebra, a case of which 
I have previously reported.' 

Absence of the pedicle is not rare but 
may remain unrecognized or be misin- 
terpreted and thus cause confusion, es- 
pecially following an accident. For that 
reason, the following 3 cases are reported. 
Case I was briefly described in a previous 
communication.- 

The sine quo non is a good pair of 
stereoscopic 45° oblique studies made with 
the patient either prone or upright. 

REPORT OF CASES 

Casf. 1. physician, aged thirty-five, forced 
oft the road by a .sleepy truck driver, was 
thrown from his car when it struck a tree. 
Pain in the neck was only slight, and there 
was no muscle spasm. There w.ns some limita- 
tion of motion, however, upon extreme rotation 
of the he.ad toward the left. The patient’s 
mother stated that to her knowledge he had 
never sustained any previous injurv. Roetit- 
genograins were at first believed to show a dis- 
location or a compression fracture .although the 
patient’s clinical appearance did not conirrm it. 

Inirthcr roentgen studies of the cervical' 
region, however, were reported as follows- The 
right side appears normal except for a .^n.all 
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nitfi loramen and increased density or the hrth 
arch. On the left side, there is a complete 
absence of the fifth pedicle with a large foramen 
at this level. The fourth pedicle is more slender 
than normal. The cortex of the fifth arch is 
more dense than the fourth or sixth and lies 
posterior to their plane. The left sixth superior 
articular process is somewhat enlarged, and its 
articulation with the fifth is posterior and 
above normal position. From this point, the 
fifth superior articular process extends upward 
to about ^ inch from the posterior surface of a 
large, dense fourth inferior articular process 
rather than articulating with its anterior sur- 
face in the normal manner. The customary 
articular plane slanting from above downward 
and b^kward is absent between the fourth and 
filth. The fifth transverse process arising from 
the body in front is well developed but seems 
to be unattached posteriorly. There is a hyper- 
plasia of the upper left lateral margin of the 
fifth vertebral body articulating with the 
fourth body above for greater stability. The 
Hexion extension studies show no localized 
imitation of movement. There was some list 
of the cervical spine toward the left side. 

Case n. Female, aged seventy-seven; no 
story of accident but she complLs of pain 
in the cervjcal region. Oblique study shows a 
complete absence of the fifth pedick on the 
ght side with a long foramen extending from 
the fourth to the sixth pedicle. A rudimfntarv 
transverse process extends backward from the 

,h f *""5 et,icula,io„. This 

forward into it q? subluxated 

f-t .ha pedide ' • he 

Ti* patian. has advaaccd in.arvar.abral 
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disc degeneration with thinning and spur 
formation of the disc margins. Bony bridging is 
particularly heavy between the fourth and fifth 
bodies, doubtless for additional stability. 
Flexion extension studies show almost com- 
plete fixation between all cervical segments 
below the first and second articulation. There 
is only a very slight list toward the right side, 
and rotation is limited. 

Case hi. This patient, male, aged forty-one, 
believes condition of neck resulted from a foot- 



are painless but limited to less than one-half 
normal. These movements are somewhat more 
free toward the left side but produce pain re- 
ferred down the arm. 

Roentgen studies show absence of the third 
right pedicle. The large foramen extends from 
the second to the fourth pedicle, but on the 
roentgenogram it is partially obscured by the 
rudimentary transverse process arising from the 
third vertebral body. The right half of the 
third neural arch is absent, and the left half 



Fig. I . Case i. Vertebral bodies numbered. Large foramen where fifth left pedicle is missing. The bony shadow 
overlying this foramen is the right side of the neural arch. T.P., transverse process; S., stabilizing hyper- 
plastic spur articulating with fourth body above. Profiles of the left sides of the neural arches are stippled. 
A.P. is the fifth upper and lower articular processes partly overlying the fifth neural arch. 


ball injury in early life. Pain has become 
trovtblesome since straining left shoulder and 
neck six months ago. The head is held to the 
left side, and all subjective symptoms are on 
the left. Besides pain, there is limitation of 
motion and numbness of the thumb and first 
finger. The left trapezius muscle is spastic. 
Rotation and flexion of the neck to the right 


terminates in a small spinous process. There is 
some rotation of the second segment with its 
spinous process displaced toward the right. 

Along with the absent pedicle, there are on 
the right side no articular processes for the third 
segment. There is, however, a large articular 
process extending from the second cervical 
body downward and a somewhat similar mas- 



VoL. 55, No. 2 Congenital Absence of Pedicle from the Cervical Vertebra 


195 


sive articular process extending from the fourth each one an enlarged intervertebral fora- 
body upward to articulate with it. These by- men was visualized on the 45° oblique 
pass the third body completely. The plane of roentgenogram. 



Fig. 2. Case n. Large foramen extending from fourth to sixth opHir-lp ttt.u • 1. 
the slender left side of the fifth neural arch. This is not the pedicle T missing. N.A. is 

verse process. Encroachment of second foramen by spur from ? '‘udimentary trans- 

sixth foramen by spur from degenerated disc. The fifth neural arch 1 Encroachment of 

ward from its normal alignment with the other arches thereby const c and up- 

mcn. Comp.are this with the diagram of Case i (Fig. i) where the invS the large fora- 

us no^al alignment with the other arches resulfingl a fF^F^rS Cin'S^S^t^r 


this second-fourth articulation is horizontal. It 
lies well anterior to the nonnal posterior articu- 
lations, so that when the neck is dorsally ex- 
tended, its articular surfaces become widely 
separated but re.sume contact again upon an- 
terior flexion. I here is a distinct list of the 
spine toward the left side but relatively good 
movement between the cervical segments. 

Dl.SCUS.siON 

From a study of these 3 cases of absent 
ccr\ ical pedicle, it will be noted that in 


posteriorly F?" 

relatively free but with^^' wa 

ful; svmptoras h r-.T" 

pain on the opp^l, " 
SJX months bifore Tho^fiff T'r 
fiWt and third 

respectively. ® Pedicles were missin; 
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It is interesting to observe how com- 
pensation for the resultant weakness was 
effected. In Case i, the neural arch became 
more dense and a hypertrophic bone 
process extended from the margin of the 
involved vertebral body to that above. 
Case II developed a heavy bony bridging 
between the deficient vertebra and the one 
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light, let us consider the matter of early 
development. 

Embryologically,® the vertebral segments 
each develop from three paired centers. 
These first appear in the blastemal or 
membranous stage but become well elabo- 
rated during the chondral stage before the 
end of the second fetal month. There are 
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Fig. 3. Case iii. Third right pedicle missing. Foramen extending from second to fourth pedicles partly over- 
laid by third transverse process. Large horizontal articulation between massive second and fourth articular 
processes. Third neural arch missing, right side (see stippled areas). 


above, while in Case iii, a strong bony 
column extended from the vertebra above 
to the one below, completely bypassing 
the weaker vertebra. 

In both Cases i and ii, the complete 
neural arches were present and likewise the 
posterior articulations on the involved 
side, although one of them was distorted. 
In Case iii, half the neural arch and the 
articular processes of the weakened side 
were absent along with the pedicle. In this 


six centers of chondrification, two for the 
vertebral body, two costal centers for the 
ribs and one for each side of the neural 
arch. From each neural arch center, out- 
growths develop to form the pedicle, the 
superior and inferior articular processes, 
the transverse process and the lamina with 
its spine. 

Ossification begins about the third fetal 
month. There is usually one center (rarel}", 
two) for the vertebral body and one for 
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Fig. 4, Case 111. Massive second-fourth articulation on right side. iV./f., left side of neural arch. Profile 0} 
pedicles stippled. Patient has no third pedicle, articular processes or neural arch on right side. 


each side of the neural arch. The ribs 
ossify separately, but in the cervical 
region, the early chondral rib element 
remains attached to the vertebral body and 
joins the early transverse process element 
to enclose the vertebral artery. Tliis forms 
the adult type of cervical transverse 
process. 

In the light of this brief statement, it is 
interesting to evaluate the deficiencies 
observed in the 3 cases here reported. 

In Case in, there was a complete absence 
of all elements arising from the cartilag- 
inous neural arch center. In Cases i and 
11, while the pedicle was absent, the 
lamina and the articular processes had 
developed, although one of these was 
deficient in Case i. 'fhe transverse processes 
seemed deficient posteriorly and doubtless 
originated only from the costal clement 
attached to the vertebral body. 


SUMMARY 

Congenital absence of the pedicle in the 
cervical region may be visualized by the 
45 degree oblique roentgenogram. There 
is a resultant enlargement of the inter- 
vertebral foramen at this level. This open- 
mg may be partially obscured by an over- 
lying transverse process, an exostosis or the 
lamina on the opposite side. 
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THE PROTECTION OF PHOTOFLUORO- 
GRAPHIC PERSONNEL=^ 

By RUSSELL H. MORGAN, M.D ** and IRA LEWIS, M.D.** 

•WASHINGTON, D. C. 


T he ■widespread use of mass roentgeno- 
graphic methods in the examination of 
the chest has introduced several new 
problems in the field of radiation protec- 
tion. Operating schedules of photofluoro- 
graphic equipment frequently exceed five 
hundred exposures per day, a rate consid- 
erably greater than that encountered in gen- 
eral roentgenography. Furthermore, Birn- 
krant and Henshaw^ have recently shown 
that the quantity of radiation required for 
the exposure of a photofluorographic film is 
approximately eighteen times greater than 
that needed for the exposure of a conven- 
tional 14X17 inch roentgenogram. It is 
therefore evident that the radiation hazard 
to which the personnel of a mass roentgeno- 
graphic installation are subjected is con- 
siderable and that adequate protective 
measures must be provided to prevent 
serious radiation injury. 

Before protective equipment may be 
intelligently designed for a roentgen in- 
stallation, the radiation intensity which 
prevails in the vicinity of the unit during 
exposure must be known. In addition, 
absorption data for a variety of protective 
materials and pertinent to the range of 
radiation quality which is expected should 
be available. Birnkrant and Henshaw have 
measured the quantity of radiation re- 
ceived at several locations about a photo- 
fluorographic unit. The small number of 
measurements that were taken, however, 
limits considerably the applicability of 
their data in many design problems. A 
small amount of data regarding the ab- 
sorption of various protective materials 
under photofluorographic conditions is 
also available but this, too, is useful only 
under limited conditions. In an effort to 
obtain more comprehensive information 


radiation measurements have recently been 
conducted on a photofluorographic in- 
stallation in this laboratory. Sufficient data 
were obtained to permit the plotting of 
isodose curves from which the radiation 
intensity at any location within a large 
field surrounding the unit may be deter- 
mined. In addition, absorption curves for 
lead, iron, aluminum and Masonite presd- 
wood were obtained under actual photo- 
fluorographic conditions. 

The photofluorograph used in the in- 
vestigation was a standard 35 mm. West- 
inghouse model, equipped with a grid and 
located in the center of a large room, 45 
feet long, 35 feet wide and 12 feet high. 
Floor and walls were of concrete and 
plaster construction with no wooden struc- 
tures from which spurious scattered radia- 
tion could emanate when impinged upon 
by the direct roentgen-ray beam; the 
ceiling was of sheet steel. 

The study was initiated by measuring 
the quantity of radiation received at a 
number of widely scattered locations within 
the enclosure when a subject whose chest 
measured 24 cm. in thickness was photo- 
fluorographed with the roentgen machine 
operating at 100 kv. (peak), 200 ma. and 
with an exposure time of 0.15 second; 
measurements were made with a Victoreen 
ionization chamber having an air capacity 
of 100 cc. The procedure was then repeated 
using tempered presdwood phantoms of 
gradually increasing thickness until the 
quantities of radiation measured at the 
several locations were equal to those oc- 
curring when the 24 cm. subject was placed 
in the beam. The phantom which produced 
an equivalent effect to that of the subject 
was one 12.5 cm. in thickness and having a 
surface normal to the roentgen beam, 40 


• From the Radiology Section, Tuberculosis Control Division, United States Public Health Service. 

Surgeon (R), U. S. Public Health Scr\*icc. 
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by 40 cm * Thereafter throughout the 
investigation such a phantom was used 
instead of the human examinee as a 
scattering agent. 

The quantity of radiation to which one is 
exposed within a photofluorographic room 
under normal operating conditions was 
determined by measuring the roentgen 
intensity at 18 inch intervals throughout 
the test enclosure when the roentgen tube 
was operated at 100 kv. (peak) and ma. 
Ionization measurements were made with a 
100 cc. chamber whose ionization current 
was amplified by a highly stable and highly 
sensitive vacuum tube circuit." Such an 
arrangement was sufficiently sensitive to 
permit the accumulation of readings with 
but one exposure per location and with the 
roentgen tube operating under conditions 
which allowed the rapid recording of data 
from the large number of locations studied 
without excessive heating of the tube. The 
readings taken in this way of course in- 
dicate only the roentgen intensity received 
under the special conditions of the test and 
require conversion to roentgens per normal 
photofluorographic exposure before they 
become useful. Such conversion was ob- 
tained by multiplying the data by a factor 
derived in the following manner; The 
quantity of radiation received at a partic- 
ular location was measured by conven- 
tional procedure when an exposure was 
made in which the roentgen tube operated 
at 100 kv. (peak) and 30 mas. (the exposure 
previously found to produce a photofluoro- 
gram of optimum density of the 24 cm. 
subject). A reading was then made with the 
chamber-amplifier apparatus at the same 
location with the roentgen tube operating 
at 100 kv. (peak) and 15 ma. The ratio 
of the first reading to the second represents 
the desired conversion factor. 

The ionization chamber with whicir all 
of the foregoing data were obtained was 

* Tlie cquU'.^tcnce of the rajiation measurtments made with 
till*; phantom on the one hand and the subject on the other tvas 
surprisingly cIo‘c at the several locations not only when the 
tests were made at a single kilovoltagc but when the procedure 
was repealed at ro and at tp hv. (pe.ik), and with and without 
the use of a hcam-limitimt cone. 


constructed of bakelite having a wall thick- 
ness of 1.8 mm. The absorption of such a 
thickness of bakelite when tested with the 
scattered radiation produced by the phan- 
tom was slightly less than 5 per cent. 
Accordingly, the various results were 
multiplied by an additional factor of 1.05 
to correct the readings to so-called “air- 
wall” conditions. 

The results of the investigation are il- 
lustrated graphically in Figure i where the 
quantities of radiation received at various 
locations about a photofluorograph are 
charted. The data expressed in roentgens 
per one hundred exposures are plotted as 
isodose curves. These data apply not only 
in the horizontal plane as shown but in any 
plane located radially about the longi- 
tudinal axis through the photofluorograph. 
Thus the radiation conditions occurring in 
rooms above and below the unit may be 
derived merely by locating on the chart the 
position of the rooms relative to the photo- 
fluorograph and reading the dosage rate at 
that point. For example, the quantity of 
radiation to which an individual is sub- 
jected when located in a room 9 feet 
directly above the roentgen tube is slightly 
less than 0.014 ^ one hundred exposures. 

The contours of the several isodose 
curves are of considerable interest. Directly 
behind the roentgen tube the dosage rate 
is relatively low, and rises to rather high 
levels as one progresses laterally. Also at a 
position directly lateral to the photo- 
fiuorographic screen there is a sharp change 
of curve configuration with a progressive 
diminution of the dosage rate as one 
advances to the left parallel to the photo- 
fluorographic camera. These phenomena 
point unmistakably to the conclusion that 
the radiation to which operating personnel 
are exposed within the photofluorographic 
=nc osure scattered radiation originating 
w, h,„ the subject under examination 

S'mlaV'l ‘'I™'®'" '■‘•diation is 

of tcktively low mtensuy because of the 

shielding which the tube affords. Similavlv 
the dosage rate m the region of the photo- 
fluorographic camera is extremely low 
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because of the very considerable shielding 
which the large photofluorographic hood 
provides. The sharp change in the contour 
of the curves which occurs lateral to the 
hood may also be ascribed partly to the 
shielding of the hood and also to the shield- 
ing of the subject’s lateral tissues which fall 
outside the direct beam and therefore have 
a small shielding effect. Where there is no 
shielding, i.e. along a line extending pos- 


to 50 per cent greater than that needed for 
the exposure of 35 mm. film. Accordingly, 
the dosage rates are correspondingly greater 
than those shown in Figure 1 for such 
equipment. 

{b) Other types of patients: A subject 
24 cm. in thickness was deliberately chosen 
for this study because such an individual 
is somewhat larger than average and ac- 
cordingly the data so obtained will tend 


Roentgens per 100 Exposures 



Fig. I. Isodose curves illustrating the exposure conditions which exist about a photofluorographic instal- 
lation. Data indicate the quantity of radiation, in roentgens, received per one hundred exposures at various 
locations about the unit. 


teriorly and laterally from the subject, the 
dosage rates are relatively high. 

The data illustrated in Figure i apply 
strictly only to a 35 mm. photofluorograph, 
roentgenographing patients 24 cm. in 
thickness, with the roentgen tube operating 
at 100 kv. (peak), with a cone limiting the 
roentgen beam, with a grid incorporated in 
the photofluorographic hood and with 
scattering material within the enclosure 
reduced to a minimum. Under other 
operating conditions the data will be 
modified in the following manner: 

{a) Other types of photofluorographic 
equipment: The quantity of radiation 
required for the exposure of 70 mm. and 
4 by 5 inch photofluorograms is from 25 


to present values somewhat greater than 
those normally encountered. A desirable 
factor of safety will thereby be introduced. 

(c) Other roentgen tube voltages: When 
measurements were made with roentgen 
tube potentials of 90 kv. (peak) and 80 
kv. (peak), dosage rates respectively 20 
per cent and 40 per cent higher than those 
obtained at 100 kv. (peak) were obtained. 
These observations may seem somewhat 
paradoxical because it is well known that 
scattered radiation originating within a 
medium diminishes as the roentgen tube 
potential decreases. Actually, measure- 
ments of roentgen intensity indicated just 
such a diminution but the exposure times 
required for the production of photofluoro- 
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grams of optimum quality were prolonged 
to such an extent when the kilovoltage was 
lowered that the quantities of radiation 
increased • by the amounts listed above. 

{d) Conditions when a cone, limiting the 
roentgen beam, is absent: Birnkrant and 
Henshaw^ have reported an increase in the 
dosage rates of from 27 to 48 per cent when 
a limiting cone is not used. Measurements 
made during this investigation confirmed 
these observations and revealed an average 
increase of 30 per cent. 

(e) Conditions when a grid is not in- 
corporated in the photofluorograph; The 
absence of a grid decreases the average 
photofluorographic exposure by approxi- 
mately 50 per cent with a corresponding 
diminution in the dosage rates. Since con- 
ventional practice demands the use of a 
grid routinely in order to improve film 
quality, this fact is hardly of sufficient 
significance to bear notation. 

(/) Conditions when the walls of the 
photofluorographic enclosure receive the 
direct roentgen beam: When the direct 
roentgen beam falls on the walls of the 
photofluorographic room, the dosage rates 
will be increased. This effect will be 
particularly marked when the walls are of 
wooden or cellulose construction. Dosage 
rates, 50 to 100 per cent higher than those 
shown in Figure i, were observed opposite 
the photofluorographic hood and camera 
in the peripheral portions of the enclosure 
when a wooden wall, i inch in thickness, 
was placed behind and to the side of the 
camera. This effect of course may be easily 
eliminated by restricting the roentgen 
beam with a lead-impregnated flange of 
relatively small dimensions surrounding 
the photofluorographic hood immediately 
behind the plane of the screen. 

.■Mthough the information provided bv 
Figure \ is of considerable interest it does 
not permit the design of protective screens 
for use in photofluorographic installations 
without absorption data on available 
protective materials. .As a part of the 
current investigation, absorption curves 
were obtained on lead, steel, aluminum and 


Masonite presdwood. These curves were 
derived from measurements made with the 
ionization chamber-amplifier circuit used 
in obtaining the dosage rate data and with 
radiation scattered from the 12,-5 
presdwood phantom when irradiated with 
a roentgen tube operating at 100 kv. 
(peak). This radiation therefore was identi- 
cal in quality to that encountered in 
actual photofluorographic practice. In these 
studies, the ionization chamber was en- 
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Fig. 2. Thicknesses of lead and steel required to re 
duce various quantities of radiation reLved aW 
a photofluorographic installation to o.Tr 

closed m a lead container, in one side of 
which was a portal, 10 by ic cm wLb 
restneted the entrance of radfation’JAat 
emanated by the phantom. 
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The maximum daily dose of roentgen 
radiation which may be tolerated by an 
individual operating roentgen equipment 
has been arbitrarily established at a level 
of o.i r per day.^ From Figures i and 2, 
then, the minimum requirements for the 
construction of photofluorographic protec- 
tive screens may be easily calculated for 
any location in which operating personnel 
may wish to work. For example, an un- 
protected person working immediately 
behind the roentgen tube of a photofluoro- 
graph which has an average operational 
rate of live hundred exposures per day 
would receive 0.40 r per day (i.e., 0.08X5 ^ 
per day). Reference to Figure 2 indicates 
that the protective screen at this location 
should include lead at least o.r mm. in 
thickness, or steel 0.4 mm. in thickness. 

The relatively small thicknesses of lead 
and steel which are required for adequate 
protection has prompted some people to 
consider aluminum as a protective mate- 
rial. Absorption measurements, however, 
indicate that a thickness of aluminum 
approximately ninety times that of lead is 2. 
required for equivalent absorption. The 
use of aluminum is therefore not feasible 
economically nor from the standpoint of 
weight. 

Absorption measurements of Masonite 
presdwood (density= 1.07) indicate that 


the absorption of this material is less than 
0.1 per cent of that of lead. It is therefore 
apparent that persons working in rooms 
separated only by wooden or cellulose 
walls, floors or ceilings from a photofluoro- 
graphic installation require serious con- 
sideration when the problems of protection 
are considered. When the separating parti- 
tions are of concrete (density = 2.4) or brick 
the absorption of these materials will be 
approximately i .0 per cent and 0.5 per cent 
respectively of lead.'’ It is unlikely then 
that when these building materials are 
used any added protective measures will 
be required, unless the wall is impinged 
upon by the direct roentgen-ray beam, 
since the thickness of partitions made with 
these materials usually exceeds 2 to 4 
inches. 
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THE CALCULATION OF DOSE FROM POINT 
AND LINEAR SOURCES OF RADIUM* 

By SIDNEY M. SILVERSTONE, M.A., M.B., B.Ch. (Cambridge) 

NEW YORK, NEW YORK 


IX/TETHODS for the calculation of dose 
from point and linear sources of 
radium have been published by several 
physicists. These methods all possess a high 
degree of accuracy but are somewhat 
complex in their practical application. It 
is therefore of advantage to group together 
the pertinent data and to simplify the 
physical formulas to a point consistent with 
the accuracy permitted by our present 
knowledge of the subject and our limited 
technical facilities. 

The calculation of dose in gamma-ray 
therapy depends upon the fundamental 
rule that the intensity of gamma radiation 
from a point source of radium varies in- 
versely as the square of the distance from 
the source and directly as its strength. The 
dose at any given point is equal to the 
product of the intensity at that point and 
the time of application. 


be termed the gamma roentgen conversion 
factor for gamma rays of radium filtered 
by 0.5 millimeter of platinum. The con- 
version factors for other filters may be 
calculated from the absorption formula: 

C=g.oXe-'“‘ 
where C= conversion factor, 

« = absorption coefficient of gamma 
rays of radium in filter used, 
thickness of filter. 


The conversion factors for the more com- 



Fig. I. 


D = lXt 

where / = intensity at point (Fig. i), 

M= strength of radium source, usu- 
ally measured in milligrams, 

/: = distance of ^ from M, usually 
measured in centimeters, 


monly employed filters of platinum, calcu- 
lated from this formula, are given in Table 
I. These factors apply only to gamma 
radiation. The effects of primary and 
secondary beta radiation are not con 
sidered. With a primary filter of 0.5 mm~ 
platinum, or i.o mm. lead, or c.o mm. 

Table I 


D = dose at point 

/ = time of application, usually 
measured in hours. 

The gamma roentgen, r,., is now gen- 
erally accepted as the unit of dosage in 



radium therapy. The relation between the 0.0 mm. ^ ^ 

gamma roentgen and the strength of a 0 5 mm" 

radium source is given in the rule that the 0.6mm. 

intensity of gamma radiation I centimeter 0.8 mm. g'“ 

from a i milligram point source of radium 1.0 mm. ^ 

filtered by 0.5 millimeter of platinum is 8.4 ^ ^ 

gamma roentgens per hour. This value may 6.7 

* From tl\c Department of Radiotherapy, Mount Sinai Hospit.il, New York. 
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Table II 


PLATINUM-EqUlVALENT FACTORS FOR VARIOUS 
METALS AND ALLOYS 


Metal or Alloy 

Platinum- 
Equivalent Factor 

Platinum 

1 .0 

Platinum-iridium 

1 .0 

Gold 

1 .0 

Lead 

0-5 

Silver 

0.45 

Nickel 

0.25 

Copper 

0.25 

Monel metal 

0.25 

German silver 

0.25 

Brass 

0.25 

Steel 

0.22 

Tin 

0.22 

Zinc 

0.22 

Aluminum 

O.I 


brassj practically all of the primary beta 
radiation is absorbed. 

The amount of secondary beta radiation 
originating in the primary filter is at a 
minimum with elements of intermediate 
atomic number, such as steel, nickel, 
copper, zinc or tin. Quimby, Marinelli and 
Blady have shown that these elements 
produce less secondary beta radiation than 
elements of high atomic number, such as 
lead, gold or platinum, or those of low 
atomic number, such as hydrogen, carbon, 
oxygen, and so forth, which are found in 
rubber, wax, bakelite, and similar sub- 
stances. The secondary beta radiation is 
absorbed almost entirely in the first i or 2 
millimeters of tissue. 

If other metal filters are employed in- 
stead of or in combination with platinum, 
the conversion factors can be calculated 
from the absorption formula. However, an 
approximation sufficiently accurate for 
radium therapy may be obtained by an 
estimation of the thickness of platinum 
which gives the same amount of absorption 
of gamma ra)'s as the thickness of metal 
used. The platinum-equivalent thickness 


may be determined by multiplying the 
thickness of the filter by its platinum- 
equivalent factor, which is given in Table 

II. 

The factor of absorption in tissue and 
similar substances, such as wax, wood, 
water and lead-free rubber is complicated 
by an increase of radiation due to scatter. 
The exact value in any particular case can 
be determined only by actual measure- 
ment. However, from data published by 
Failla, Laurence, and Sievert, an approxi- 
mation sufficiently accurate for radium 
therapy can be made. This is best expressed 
in the form of a factor (iS*) for varying 
thicknesses of tissue, as given in Table ili. 

From this data, the “point source 
formula” may be derived for the dose in 
gamma roentgens delivered by the gamma 
radiation from a point source of radium at 
any given distance. 

_ MXfXCXS 


where 2) = dose in gamma roentgens at 
point ^ (Fig. i), 

M= milligrams of radium, 

/ = hours of application, 

C= conversion factor for filter used, 
<S’ = tissue factor (if radiation is in 
air, this factor=i.o), 

/i = distance in centimeters between 
the radium source and point 

Table III 


TISSUE FACTORS FOR VARIOUS THICKNESSES OF TISSUE 


Thickness of 
Tissue 

Tissue 

Factors — S 

1 .0 cm. 

0.98 

2.0 cm. 

0.95 

3.0 cm. 

0.94 

4.0 cm. 

0.93 

5.0 cm. 

0.92 

7.0 cm. 

0.89 

30.0 cm. 

0.84 

15.0 cm. 

0.75 

20.0 cm. 

0.67 
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Conversely, the number of milligram- 
hours of radium (or millicurie-hours of 
radon) required to deliver a specified dose 
in gamma roentgens at any given distance 
from the point source may be calculated 
from the same formula. 

If radon is used instead of radium, the 
equivalent number of millicurie-hours may 
be calculated from the radon disintegration 
formula if radon decay tables are not 
available: 

MXt==McX 

where MX/ = equivalent number of milli- 
curie-hours, 

Me = number of millicuries at be- 
ginning of application, 
/=time of application, in hours. 

For permanent implants, the exponential 
factor becomes zero. 

MX/=MeXi33. 

If the permanent implants are in the form 
of gold or platinum seeds with a wall thick- 
ness of 0.3 mm., a useful modification of the 
point source formula may be derived for 


needle or a tandem, may be derived 
mathematically from the point source in- 
verse square law. In any linear source, the 
active length must be known. If several 
sources are used in a line, the over-all active 
length should be measured. In Figure a, the 
active length of this 2.2 cm. capsule is 1.6 



cm., whereas, in Figure 3, the over-all 
active length of a tandem of three such 
capsules is 6.0 cm. 

For the derivation of the formula, it is 
essential that the radium be evenly dis- 
tributed; that is, the linear density, or the 
number of milligrams of radium per centi- 


A B 



the number of millicuries required to 
deliver 1,000 r, at any given distance. 

lOOOX/r 

Me per 1000 (lA) 

'33 Xo .0 

In this formula the factor for tissue ab- 
sorption is not included since it is slight 
for the range of activity generally required 
of seeds, 

A formula for the calculation of dose 
from a linear source of radium, such as a 


snorr. w'liere a linear 

source is made up of several capsules or 

needles m a line, as illustrated in Figure 3 
the inactive gaps, JB, should be made as 
.mail aspire. An inactive rial :: 

F'8- 4 for definition of 
mtroduces an error of j to .o per cent. 

rafoulation of the 
tl“ I « foe division of 

segments. The contribution to the total 
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dose from each segment is calculated from situated x centimeters from the intersection 
the point source formula, each segment of h with L is determined from the point 
being considered as a point source. The source formula. The amount of radium in 
dose is then the sum of the contributions this segment is and the intensity, 

from all segments. This is the method i, is, therefore: 
employed by Quimby and Mayneord and m dx 

Honeyburne, but it requires considerable t=~X—XCXS 

arithmetical labor. If the linear source is ^ 

not of uniform linear density, it is the only where r = distance from dx to 



Fig. 4. 


accurate method. However, if the linear 
density is uniform, Sievert’s formula is 
more accurate and simpler to apply. The 
following method is an adaptation of the 
Sievert formula to conditions commonly 
met with in radium therapy. It has been 
further modified to give the dose directly 
in gamma roentgens. 

A linear source (Fig. 4) containing M 
milligrams of radium, uniformly distrib- 
uted, measures L centimeters in overall- 
active length. From the point at which 
the dose is to be determined, a perpendicu- 
lar is drawn to the line L. This perpendicu- 
lar measures h centimeters and divides 
line L into two segments, a and L — a. In 
this manner, the position of point ^ is 
defined with reference to the linear source. 
The intensity from a small segment, dx. 


Since the gamma rays from dx to point 
^ traverse the filter obliquely, for a path 
d^ instead of d, the wall thickness of the 
filter, the conversion factor C must be 
separately calculated. 

C=9.oXe~'^^\ 

However, 

d^^dX— 

h 


and 


r-^^h'+x- 


M dx 



}v-\-x- 


X9-OX 



XS. 


The total intensity is obtained by in- 
tegration of this expression. The limits of 
the integral are those which define line L; 
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Table IV 

riLTRATIONS OF PLATINUM OR EaUlVALENT 



L L 
— or — r 
h 


lO.O 

8.0 

6.0 

5-0 

4-5 

4.0 

3 -S 

3-0 

2.5 
1.0 
1.8 

1 .6 
1-5 

1 .4 

1-3 
1 .1 
1 .1 
I .o 

0-9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.1 

O.I 


No Filter 


13.22 
13.01 
12.65 
12.36 
12.17 
II .93 
II .64 
II .24 
10.71 
9.96 

9-57 
9. II 
8.84 
8.57 

8.25 

7.88 

7.50 

7.07 
6.60 

6.08 

5-50 

4.86 

4-17 

3-43 

2.62 

1-77 

0.90 


0.5 mm. Ft 


11.45 

II -34 
II .12 

10.93 

10.78 

10.62 

10.40 

10.09 

9.67 

9.04 

8.71 

8.31 

8.07 
7.82 
7-53 

■7.23 

6.88 

6.49 

6.07 

S -59 

5.07 

4-49 

3-85 

3.16 

2.42 

1.65 

0.84 


- Jh 

.0 mm. Ft 

fL 

J ih 

1.5 mm. Ft 

2.0 mm. Ft 

lO.CXD 

8.84 

7.82 

9-95 

8.78 

7.81 

9.82 

8.73 

7-77 

9.69 

8.65 

7-71 

0 .60 

8.58 

7.67 

9.4* 

8.49 

7.60 

9-31 

8.3s 

7.50 

9.06 

8.17 

7-34 

8.72 

7.90 

7.12 

8 .21 

7-47 

6.76 

7-93 

7.22 

6.55 

7.58 

6.93 

■ 6.30 

7-37 

6.75 

6.15 

7 -iS 

6.55 

5.98 

6.90 

6.34 

5-79 

6.63 

6.09 

5-57 

6.32 

5.81 

5-33 

5.98 

5 -Si 

5.05 

5-59 

5.16 

4.74 

5.16 

4.76 

4-39 

4.68 

4-34 

3-99 

4.15 

3-83 

3-54 

3-56 

3.27 

3-05 

2-93 

2.71 

2.51 

2.25 

2.08 

1-93 

I -53 

1.42 

1.31 

0.77 

0.72 

0.67 


that is, as .v vanes from -a to L-a. The 
integration was performed graphically by 
Sievcrt. The “linear source formula” may 
therefore be written in the following form: 

<•' 

where D is the dose in gamma roentgens. 

The expressions, A) and/(<?//i), 
represent functions which take into ac- 
count the eft'ect of oblique filtration and the 
effect of the varying distance of the point 
from successive minute segments of the 
linear source. Since it is a ratio that is 
involved, i.e. length of the source to dis- 
tance of the point from the source, the 


formula holds for any length of source and 
any distance (except zero). The values of 
these functions may be calculated from 
Sievert’s data and are given in Table iv for 
the more commonly employed filtrations 
of platinum or equivalent and for ratios 
varying from 10; i to i :io. The values for 
other filtrations of platinum and for ratios 
intermediate between those given in the 
table may be obtained by interpolation. 
These values may be called “ratio factors.” 
The ratio factors have been calculated so 
that the formula reads directly in gamma 
roentgens. 

Ratios greater than 10 ;i are seldom 
encountered in radium' therapy whereas 
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for ratios less than i;io, the point source 
formula is equally as accurate and simpler 
to use. For a ratio of 1:3, the error in- 
volved in using the simpler point source 
formula is about 5 per cent. Therefore, for 
practical purposes, a linear source may be 
considered as a point source if the distance 
at which the dose is determined is more 
than three times the length of the source. 

The tissue factor, S, to be used in the 
linear source formula may be obtained 
from Table iii for the distance h. This 
distance is a suitable average for the 
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at any given point may be calculated from 
the linear source formula. 

The ratio factors may also be used to 
estimate the relative doses at points along 
a line parallel to the linear source. The 
doses in the midplane, i.e. at point 
Figure 5, are always maximum for any given 
distance h 

gat points 

D at point /L \ 



effect of tissue absorption, since the tissue 
factor is, at best, a rough approximation. 

For points beyond the end of the linear 
source, e.g. point .^4, Figure 5, the segment 
a is the length of the extension from line L 
to the perpendicular from the point. 
Algebraically this segment is negative. 
Therefore, when its value is substituted in 
the linear source formula, the proper 
algebraic sign must be observed (see 
example 1 D). 

For points (^i, Fig. 5) in a plane at right 
angles to the midpoint of the linear source, 
a equals L/a. The ratio factors are there- 
fore simplified to iJ{Ll'2.h). Similarly, for 
points Fig. 5) in a plane at right angles 
to one end of the linear source, a equals 
zero, and the ratio factors are therefore 
simplified to f{L/h). 

Conversely, tlie number of milligram- 
hours of radium (or millicurie-hours of 
radon) required for a linear source to 
deliver a specified dose in gamma roentgens 


DISCUSSION 

The point and linear source formulas, 
while mathematically accurate, are based 
upon certain assumptions and factors 
which limit their accuracy in practical 
radium therapy. 

The formulas are based upon a theoreti- 
cal point or line without thickness. An 
error is therefore introduced because of the 
dimensions of the radium source. Radon 
seeds are generally regarded as point 
sources but they usually measure 3 to 4 
mm. in length. A needle or capsule may 
have an inner diameter varying from 0.5 to 
1.5 mm. Since distance measurements are 
made from the central axis of the source, 
calculations for points closer than 0.5 cm. 
are subject to a large error. For distances 
greater than 0.5 cm., however, the error is 
small enough to be disregarded. Another 
source of error lies in the possible uneven 
distribution of the radium in the needle or 
capsule. This can sometimes be demon- 
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strated in an autoradiograph. 

The conversion factors depend upon the 
values of the absorption coefficients, except . 
the factor for 0.5 mm. of platinum which 
was obtained experimentally. The experi- 
mental values for this filtration range 
between 8.0 and 8.6. The value of 8.4 
appears to be the mean and is therefore 
accepted for this article. There are no 
“accepted” values of the absorption co- 
efficients. Kohlrausch found the absorption 
coefficient for platinum to be 2. cm. , 
Mayneord and Honeyburne l.f cm.“h and 
Laurence 1.39 cm.“h Laurence states that 
the value obtained by Kohlrausch cannot 
apply to radium therapy because the effect 
of scattered radiation from the filter was 
not considered. For this article, the value 
of 1.5 cm.-i was accepted arbitrarily and 
used in the calculation of the conversion 
factors in Table i. The differences between 
these values and those obtained by em- 
ploying a coefficient of 1 cm.~^ or 1.39 
cm.“^ are given in Table v. 

For metals other than platinum, the 
absorption coefficients obtained by Laur- 
ence are quite at variance with those 
published by Sievert (who quotes Kohl- 
rausch). Quimby obtained the platinum- 
equivalent thicknesses without determining 
the values of the absorption coefficients. 
The experimental set-up ernployed by 
Quimby approximates the conditions under 
which radium is often used in therapy. 
Therefore the platinum-equivalent factors 
in Table n were calculated from Quimby’s 
data. These factors are sufficiently ac- 
curate for radium therapy provided not 
more than 2. mm. of filter are used. 

The tissue factors cannot be determined 
accurately by any simple formula. The 
increase of radiation due to scatter in- 
validates the use of the tissue absorption 
coefficients determined by Kohlrausch and 
Failla. Sievert included the tissue absorp- 
tion coefficient in his calculation of dose 
from point and linear sources, but, in so 
doing, omitted the contribution from 
scattered radiation. 1'hc amount of scat- 
tered radiation depends upon the total 


volume and character of the tissue ir 
radiated. It cannot be calculated by any 
simple method and must therefore be 
measured. Such measurements were made 
by Laurence for various thicknesses of 
tissue. The tissue factors in Table iii were 
obtained from Laurence’s data by aver- 
aging the various values given for each 
thickness of tissue. At best, they must be 
considered rough approximations. 

Finally, the measurement of distances in 
tissue cannot be made with precision be- 
cause of practical difficulties. An error of 
10 per cent in a distance measurement may 

Table V 

DIFFERENCE BETWEEN CONVERSION FACTORS CAL- 
CULATED WITH K =1.5 CM."^ AND THOSE CALCULATED 
WITH OTHER VALUES OF PLATINUM ABSORPTION CO- 
EFFICIENT 


Thickness of 
Platinum Filter 

Percentage Difference 

11 = 1.0 cm.“* 

K = 1.39 cm.“^ 

0.0 mm. 

+ 3 % 

0 

0.5 mm. 

0 

0 

1 .0 mm. 

-2% 

+1% 

1 .5 mm. 

- 4 % 

+1% 

2 .0 mm. 

- 7 % 

+ 2 % 


mean an error of about 20 per cent in the 
dose calculation. 

From this discussion, it is obvious that 
the calculation of dose in radium therapy 
is lirnited in accuracy by inherent and 
practical difficulties which require con- 
sideration in the evaluation of the final 
result. 

The following examples illustrate a few 
of the applications of the point and linear 
source formulas. 

E.\aniple r. If a single capsule of radium, with 
a primary filter of i.o mm. of platinum, a 
second.ar>’ filter of 2.0 mm. of brass, and an 
active length of 1.6 cm., is placed in .a cervi- 
cal stump for 3,000 mg-hr., the dose delivered 
to the obturator node, estimated at 5.0 cm. 
Jrom the cervical canal, may be calculated as 
foilows: 

The point source fonuula may be employed 
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since the distance is more than three times 
the active length of the source. 
Platinum-equivalent factor for brass =0.2.5 
Equivalent filtration of 2.0 mm. brass 
= 2X0.25=0.5 mm. Pt 
Total filtration = i.o-f-o.5 = 1.5 mm. Pt 
Conversion factor for 1.5 mm. Pt = 7.2 
Distance = 5 cm. 

Tissue factor for 5 cm. =0.92 
Therefore, 

MXlXCXS 3000X7.2X0.92 

£) = =795 Ty 

Jr 5- y 

Example 2. A linear source consists of three 
1 5 mg. capsules of radium in a rubber tandem. 
The primary filter is i.o mm. of platinum. The 
over-all active length measures 6.0 cm. The 
time of application is 100 hours. The doses at 
various points in a line 3 cm. from the linear 
source and parallel to it may be calcualted as 
follows; 

A. At a point in the midplane (point ^1, 

Fig. 5) 

M=45 £ = 6.o .5 (for 3 cm.) =0.94 

/ = ioo h=3.o 


C. At a point in the end plane (point 

Fig. 5) 

a 

a=o — =0 /(o)=o 


L—a=6 


-=2 /(2) for I.o mm. Pt = 8.2i 


^ 45X100 

D=— X8. 21X0. 94 

0X3 

= 1930 r., 

D. At a point 1.5 cm. beyond the end of the 
linear source (point ^4, Fig. 5) 


a= — 1.5 


-=-0.5 


L-a 

£-fl = 7.5 ——=2.5 
h 


/(— 0.5) for I.o mm. 
Pt=-3.56 
/(2.5) for 1.0 mm. 

Pt = 8.72 


1 ^ h 


f{i) for 1.0 mm. Pt = 5.98 


L-a^2 


^ MX/ 

^=T— tX 

LXh 


-=i /(i) for 1.0 mm. Pt = 5.98 


45X100 

6X3 

= 2800 r-f 


X [5.98+5.98] X0.94 


(For this problem, the ratio factors are equiv- 
alent to if(L/iJi)) 

B. At a point 1.0 cm. from one end of the 
linear source (point Fig. 5) 

a /(0.33) for 1.0 mm. 

fl = i.o — =0.33 

h ^ Pt = 2.48 

L—a /(1.67) for 1.0 mm. 


L—a — ^.o 


-=1.67 


Pt=7.7o 


_ 45X100 ^ , 

E )=~ X [7.70+2.48] X0.94 

6X3 

= 2390 r,. 


^45X100 

T)=-7- — X L8.72-3.56lX0.94 

6X3 

= 1210 r^ 

Example j. The relative doses at the various 
points described in Example 2 may be estimated 
from the ratio factors, the midplane dose being 
taken as 100 per cent. 

D at point = 100% 

7.70+2.48 

D at point ^;= Xioo 

2X5.98 

= 85.1% of Z) at point .^1 
8.21 

D at point ^= Xioo 

2X5.98 

= 68.6% of D at point 
8.72—3.56 

D at point ^4= Xioo 

2X5.98 

=43.1% of D at point 

These percentages check exactly with the ac- 
tual doses obtained in Example 2. 

Example 4. The number of milligram-hours of 
radium required to deliver 700 gamma roent- 
gens to a point 5.0 cm. from the midpoint of the 
tandem used in the previous examples may be 
calculated as follows. 
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L-G.o h = S-o S=o.g2 

L . ^ 

a = — ratio factors = a/ 

2 

L 

— =0.6 /(o.6) for i.o mm. Pt=4.i5 
lh 

D~~jOQ 



MXt 

yoo~~ X'2.X4.i 5X0.92 

6X5 

.'.MX/ =27 50 mg-hr. 


SUMMARY 

The following formulas have been 
derived for the calculation of dose from 
point and linear sources of radium in 
terms of the gamma roentgen: 

1. The point source formula 

^ MXtXCXS 

2. The linear source formula 


D= 


MXi 

LXh 



A few useful simplifications of these 
formulas have also been derived. 

The various factors concerned are given 
in the form of tables. 

The significance of the various factors 
is discussed. 

The limitations of accuracy of the 
formulas were analyzed. 

Several examples were given to illustrate 
the application of the formulas. 


70 East 77th St., 
New York ai , N. Y. 
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EDITORIAL- 


TUMORS AND TUMOR METASTASES IN 
THEIR RELATION TO TRAUMA 


/^UR advances in knowledge are a great 
stimulus to a revision of various sub- 
jects in medicine which have previously 
been accepted as established facts, and in 
no field of so-called established knowledge 
has this fact been more evidenced than in 
a re-assessment of mechanical trauma in 
its relation to bone tumors or bone me- 
tastases. Ewing, ^ several years ago, pointed 
out that “many recent fundamental con- 
tributions on the causation of tumors have 
an important bearing on the relation of 
trauma to cancer. When nothing definite 
was known about the effective exciting 
factors in mammary cancer it was permissi- 
ble to adopt the traumatic theory in cases 
in which the clinical evidence pointed 
strongly that way.” With our recent ad- 
vancement in the experimental production 
of mammary cancer, particularly in mice, 
the traumatic origin becomes much less 
tenable. It is possible to produce cancer 
experimentally with many agents but al- 
ways under specific conditions that are not 
related to trauma, and tlie experimental 
data reveal that the genesis of cancer re- 
quires quite peculiar factors which have not 
been found in the results of trauma, and 
the accumulation of knowledge thus gained 
has modified our views concerning cancers 
and their possible relation to simple trau- 
mas. 

Quite rcccnth-, Saphir, .Appel and Levin- 
thal- have made an experimental attempt 
to localize tumor mctastascs in long bones 

■ J. Mcilcrn attitiulc to\\nra traum.ntic crnrer 
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by mechanical trauma. They state that 
there are many references containing dis- 
cussions dealing with the influence of 
trauma on tumor development, and nu- 
merous reports indicating that in some un- 
explained manner trauma may be a sig- 
nificant factor in initiating malignant 
growth, but that there are relatively few 
articles concerning the influence of trauma 
on the localization of metastases. Their ex- 
periments were carried on with this idea in 
mind. They were stimulated in their exper- 
imental researches by the conflicting evi- 
dence of relation of trauma to metastases 
and because of the importance of this 
problem from the medicolegal standpoint. 

i heir particular experimental study was 
undertaken to ascertain whether or not 
trauma applied to long bones might be in- 
fluential w the localization of metastases 
rom a transplanted malignant tumor.” In 
heir experiments the Brown-Pearce rabbit 
tumor was used, for obvious reasons 

3= >■ “ highly malignant tumor’ 
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an intravenous injection of a suspension of 
tumor cells was made into the ear vein. 
These rabbits were followed both clinically 
and roentgenographically. Roentgeno- 
grams of the entire skeleton of each rabbit 
were made after death. In those animals, 
at autopsy, which had received the intra- 
venous transplantation, most of the me- 
tastases were found in the lungs, but the 
kidneys and liver were also involved. The 
region of the experimental fracture was 
carefully examined by means of roentgen- 
ograms in the gross, and a number of block 
sections were taken from the region of the 
fracture and the adjacent bone and soft 
tissue. There was no macroscopic evidence 
of tumor in this location. The histological 
examination revealed tremendous cellular 
proliferation in the region of the fracture 
and callus formation, which varied accord- 
ing to the interval between the time of 
fracture and the death of the animal. In 
several cases serial sections were cut from 
the region of the fracture but in none of 
these cases was there evidence of tumor 
cells at the site of the fracture. 

To see what part chronic mechanical ir- 
ritation might possibly play in the locali- 
zation of tumor metastases, they intro- 
duced a piece of a small vitallium screw im- 
mediately beneath the periosteum in close 
contact with the cortex of the distal end 
of the femur. This screw was held in place 
by silk sutures and was placed so that with 
each movement of the leg the metal rubbed 
against the bone. In all of their experi- 
mental animals the position of this screw 
was verified by roentgenograms. Upon the 
death of the animals the position of the 
screw was studied again by means of 
roentgenograms to be sure that it had re- 
mained in place. thickened periosteum, 
evidence of mechanical irritation, was al- 
most invariably noted, and again wide- 


spread metastases were recorded, but no 
gross evidence of tumor was encountered 
in any of the animals at any point of the 
mechanical irritation. Multiple sections 
taken from the bone in the area of the 
mechanical irritation and examined histo- 
logically revealed no evidence of tumor 
cells. 

From these experiments the investiga- 
tors concluded that mechanical trauma or 
chronic irritation of bones played no role 
in the localization of metastases from 
transplanted Brown-Pearce carcinomas in 
rabbits. 

While it is not always easy to transfer 
animal experiments to the human, it is at 
least significant that the experimental data 
presented by Saphir and his associates 
quite closely agree with the ideas of many 
other observers, particularly Ewing, who 
has cautioned us that “Opinions regarding 
the possible traumatic origin of any tumor 
must be based on a full consideration of the 
location, known conditions of origin, struc- 
tural peculiarities and clinical course of the 
tumor in each organ,” that further general- 
izations may be invalid or misleading, that 
the interpretation of compensation laws 
should recognize that trauma is never the 
sole cause of cancer and is often only a sub- 
ordinate, although determining cause, that 
the probability of coincidence is great, that 
aggravation by injury is rare and difficult 
to establish, and he emphasizes the fact 
that there is urgent need of more competent 
detailed analysis of individual cases of tu- 
mors that are possibly traumatic. 

The experimental work of Saphir and 
his associates lends great weight to Ewing’s 
discussion and it is such experimental work 
coupled with clinical observations that will 
in all probability lead us to a proper per- 
spective regarding trauma and its relation 
to cancer or tumor formation. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 

AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Ukited States of America 

American Roentgen Ray Society 
Semtarf, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual meeting; Netherland Plaza 
Hotel, Cincinnati, Ohio, Sept. 17-20, 1946. 

American College or Rapiology 
Secretary y Mac F. Cabal, 540 N. Michigan Ave., Chicago. 

Section on Radiology, American Medical Association 
Secretary , Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, Ohio. Annual meeting; San Francisco, Calif., July 
1-5, 1946. 

Arkansas Radiological Society 
Secretary, Dr, J. S. Wilson, Mack Wilson Hospital, Mon- 
tkello. Ark. Meets every three months and also at time 
and place of State Medical Association. 

Radiological Society or North America 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1946, to be announced. 

Radiological Section, Baltimore Medical Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on Radiology, California Medical Association 
Secretary, Dr. Gordon G. King, 3700 California St., San 
Francisco 18, Calif. 

Radiological Section, Connecticut Medical Society 
Secretary, Dr, Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Radiology, Illinois State Medical Society 
Secretary, Dr. H. W. Ackemann, 321 W. Slate St., Rock- 
ford, 111, 

Radiological Section, Los Angeles County Medical 
Association 

Secretary, Vt. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month .It the County Society Building. 

Radiolooicj^ Section, Southern Medical Association 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooklyn Roektcen Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
rs.i. oicets monthly on fourth Tuesday, October to April, 

Buffalo Radiological Society 

Joseph S. Gian-Francheschi, 610 Niagara 
ot., Buffalo, N. 1 , Meets second Monday of each month 
except during summer months. 

Chicago Roe.vtce.v Society 
^^etary. Dr. F. H. Squire, 1754 W. Congress St., 
Chicago 12,111. Meets second Thursday of each montlj 
October to Apnl inclusis'c at the Palmer House. 

CiA'CiNNATi Radiological Society 

Brown, 707 Race St., Cincinnad, 
Ohio. Meets third Tuesday of c.ach month, October to 
May, inclusive, 

Cleveland Radiological Society 
Wmrr Dr. Carroll C. Dundon, 2065 Adclbert Road, 
Cictcland 6, Ohio. Meenngs at 6:30 r.ji. on fourth 
Monday of each month from October to April 

Dallas-Fort Worth Roentcfn Study Club 
Secretary, Dr. X. R. Hyde Medical Arts Bldg., Fort 
Worth, 1 cx.is.MecDnes held in Dallas on odd n^onths 
Worth on even months, on third Monday, 

Denver Radiological Club 
Secretary, nr A Page Jackin, Jr., 1612 Tremont Place 


• Seeretarie. of Soderics not here lilted *rc requested to 


Detroit Roentgen Ray and Radium Society 
Secretary, Dr, E, R, Witwer, Harper Hospital Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida Radiological Society 
Secretary, Dr. J. F. Pitman, Blanch Hotel Annex, Lake 
City, Fla. Meeangs in May and November, 

Georgia Radiological Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
November and at annua] meeting 
of Medical Association of Georgia in the spring. 
Radiological Society of Kansas City 
Secrpary,Bc. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas Mo. Meets third Thursday of each month 
Illinois jRapioloojcal SociEry 

sSZiA m"'- St. John’s Hospital, 

apnngne/a, IlL Meets three times a year. 

Indiana Roentgen Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
lowl X-Ray ^lub^ second Sunday in May. 

Sferetary, Dr. Arthur W. Erskine, 326 Higley Bldg 
Cedar Rapids, Iowa. Luncheon and busings meeting 
during annual session of Iowa State Medical Society^ 
Special meetings by announcement. 

Kentucky Radiological Society 

^craary. Dr. Marcus Wiener, 1 430-48 th St. Brooklyn 
In. Y, Meets Kings County Med RMn- li * 
on fourth Thursda^y, October to May 8 -i? 5 l:, 

Louisiana Radiological Society 

_Shr 7 Ye^rc!Me«sfnnifa'lW ^ 30 . Louisiana Ave., 
ical Society Meeting. ^ “ting Louisiana State Med- 

Detroit^Tb;f'me;?ngsfyear^& 
MlLWAUKEERoENrCENLySocIETY ’ 

MilwMke^Wk Me«s^onSl^^^ ^ve.. 

University tlub. Monday at 

Minnesota Radiological Society 

J- Medical Arts 
at either Omaha or Lincoln each month, at 6 pm. 

SOCIETY 
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nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

North Dakota Radiological Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society 

Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society 

Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

Philadelphia Roentgen Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 P.M., in Thomson Hall, College of Physicians, 
21 S. 22d St. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 P.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. Meets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain Radiological Society 
Secretary Dr.A.M. Popma,22oN. FirstSt.,Bolse,Idaho. 

St. Louis Society of Radiologists 

Secretary, Dr. Edwin C. Erns^ Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president. 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Radiological Society 
Secretary, Dr. Carlton L. Quid, University of California 
Hospital, San Francisco 22. Meets monthly on the third 
Thursday at 7:4? p.m,, first six months of the year at 
Lane Hall, Stanford University Hospital, and second six 
months atToland Hall, University of California Hospital. 

Shreveport Radiological Club 

Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

South Carolina X-Ray Society 

Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

Tennessee Radiological Society 

Secretary, Dr. J. M. FrJre, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Radiological Society 

Secretary, Dr. R. P. O’Bannon, 650 Fifth Ave., Fort 
Worth 4, Texas. Next meeting, Dallas, Texas, Monday, 
Januarj’ 14, 1946. 

University of Michigan Department of Roentgen- 
ology Staff Meeting 

Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

University of Wisconsin Radiological Conference 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:cx>-5:oo p.m., 
Room 301, Service Memorial Institute. 

Virginia Radiological Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Washington State Radiological Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St., Seattle. 
Meets fourth Monday each month. October through May, 
College Club, Seattle. 

X-RAY Study Club or San Francisco 

Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 


Cuba 

SociEDAD DE RadiologIa y Fisioterapia de Cuba 
President, Dr. J. Manuel Viamonte, Hospital Mercedes 
Habana, Cuba. Meets monthly in Habana. ’ 

British EImpire 

British Institute of Radiology Incorporated with 
the Rontgen Society 

Medical Members’ meeting held monthly on third Friday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.i. 

Section of Radiology of the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty of Radiologists 

Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. i 
England. 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

Radiological Section of the Victorian Branch of the 
British Medical Association 

Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

Canadian Association of Radiologists 

Secretary, Dr. J. W, McKay, 1620 Cedar Ave., Montreal, 
P.Q.^ 

Societe Canadienne-Francaise d’Electrologie et de 
Radiologie Midicales 

Secretary, Dr. Origene Dufresne, 4120 Ontario St., East 
Montreal, P. Q. 

Section or Radiology, Canadian Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 

South America 
Sociedad Argentina de Radiolooia 

Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

Sociedad Peruana de Radiologia 

Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociacifin M6dica Peruana 
"Daniel A. Carrifin, Villalta, 218, Lima. 

Continental Europe 

Sociedad Espanola de Radiologia y Electrologia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Societe Suisse de Radiologie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language. Dr. Babaiantz, Geneva. 
Secretary for German language. Dr. Max Hopf, Effinger- 
strasse 49, Bern. Meets annually in different cities. 
Societatea Romana de Radiologie si ELEcrROLociE 
Secretary, Dr. Oscar Metier, Str. Banul MarScine, 30. 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 
All-Russian Roentgen Ray Association, Leningrad: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Rcinberg and S. G. Simonson. 
Meets annually. 

Leningrad Roentgen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock. State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow Roentgen Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 
Scandinavian Roentgen Societies 

The Scandinavian roentgen sodeties have formed a joint 
assodation called the Northern Assodation for Medical 
Radiologj\ meeting every second year in the different 
countries belonging to the Assodation. 
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SECOND INTER-AMERICAN 
CONGRESS OF RADIOLOGY 

A letter just received from Dr. Pedro L. 
Farinas, President of the Second Inter- 
American Congress of Radiology to be held 
in Havana, Cuba, November 17-22, 1946, 
states that he would like to have as soon 
as possible the names of the authors and 
titles of the papers which will be con- 
tributed from the United States. There is 
room for a limited number of papers on the 
program and it is suggested that all mem- 
bers of the American Roentgen Ray Society 
who expect to attend this Congress next 
November and who wish to present a paper, 
communicate at once with the undersigned, 
so that titles of papers may be sent to the 
central committee at Havana. Because of 
the long distances involved and the time 
consumed for transmission of the mails, it 
is necessary to issue the printed program 
much earlier than would ordinarily be the 
case, and a tentative program must be 
printed in the very near future. 

It is therefore requested that all who 
plan to attend the Congress and give a 
paper or all who plan to make a contribu- 
tion to the scientific exhibit, communicate 
with the undersigned at the earliest possible 
date. 

J/UiES T. Case, M.D., Chairman 

General Committee for the United States 
20 North Wacker Drive 
Chicago 6, Illinois 


SECOND INTER-AMERICAN 
CONGRESS OF RADIOLOGY 

November 17-22, 1946 

Hotel Nacional, Habana, Cuba 


PR 0 GR. 4 M OF THE SCIENTIFIC 
MEETINGS AND SOCIAL 
E\TNTS 


SuXOAY — N oVEMIH-.R 17, 1946 

I'roin 2 to 6 p.m. Rcgistr.ition at the Mcadcju.ar- 
ters ot the Congre.';.*; at the Xation.-il 
Hotd, floor. 


GENERAL ASSEMBLY 

9:00 P.M. Silver Room. The Honorable Dr. 
Ramon Grau San Martin, President of 
the Republic of Cuba, will deliver the 
opening address. 

9:30 P.M. The President of the past “First 
Congress of Radiology,” Dr. Jose F. 
Merlo Gomez, from Argentina, will pro- 
ceed to turn over the Presidency to the 
President-elect of the “Second Inter- 
American Congress of Radiology,” Dr. 
Pedro L. Farinas, from Havana. 

lo’.oo P.M. Presentation to the Audience of the 
Official Delegates. 

11:00 P.M, Address “Radiology in America,” 
by Dr. James T. Case. 

12:00 M. Buffet. 


Monday — November 18, 1946 
9:00 A.M. Presentation of papers. There will 
be six papers. The maximum time al- 
loted for each presentation is 20 min- 
utes. 


12:00 M. Reception at City Hall by the Mayor 
of Havana. Group lunches will be given 
by Officers of the Congress. 

9:00 P.M. Official Symposium on the Diag- 
nosis of Cancer of the stomach. The open- 
ing paper of the symposium will be al- 
lotted 30 minutes. There will be three 
more papers on the same subject with 
20 minutes for each one of them. 


9:00 a.m. Presentation of papers. There will 
be different papers. The maximum 
time allotted for each presentation is 20 
minutes. 


one of the beach dubs. ^ 

4:00 P.M. Official symposium on the Diag- 
nosis and Treatment of Pone Tumors. ^ 

1 he opening papers of the symposium 

will be allotted 30 minutes. 

J^mrsubiect" *e 

ilotels Sliver Room celebrating the 
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fiftieth anniversary of the discovery of 
X-Rays by Roentgen. The lecture will 
be delivered by the delegate of the Re- 
public of Colombia. 

Wednesday — November 2.0, 1946 

9:00 A.M. Presentation of papers. There will 
be six different papers. The maximum 
time allotted to each one of them is 20 
minutes. 

12:00 M. Lunch at the Country Club. 

4:00 p.M. Official Symposium on Diagnosis 
and Treatment of Bronchogenic carci- 
noma. 

The opening paper of the symposium 
will be allotted 30 minutes. 

There will be three more papers on the 
same subject with 20 minutes’ time for 
each one of them. 

9:30 p.M. Concert by the Philharmonic Or- 
chestra of Havana. Eric Kleiber con- 
ducting. 

Thursday — November 21, 1946 

9:00 A.M. Presentation of papers. There will 
be six different papers. The maximum 
time allotted for each presentation is 20 
minutes. 

I’.co p.M. Group lunches given by Officers of 
the Congress. 

4:00 p.M. Official Symposium Radiological 
mass survey. 

The opening paper of the symposium 
will be allotted 30 minutes. 

There will be three more papers on the 
same subject with 20 minutes time for 
each one of them. 

9:00 p.M. The Annual Banquet with enter- 
tainment and dancing at the National 
Casino. 

Friday — November 22, 1946 

9:00 A.M. Presentation of papers. There will 
be six different papers. The maximum 
time allotted for each presentation is 20 
minutes. 

12:00 M. Visit to a Sugar Mill and typical 
country life entertainment, cock-fights, 
etc. Lunch in tlie country. 

9:00 p.M. Council meeting for the Foundation 


of the Inter-American College of Radi- 
ology. 

Executive and Business sessions. 
Elections. 

Saturday — November 23, 1946 

Free morning to visit the city and its 
surroundings. 

3:00 p.M. Visit to Oriental Park. Race Track 
where Radiological handicap will be 
run. 

Tea at the Jockey Club. 

NOTES ON THE PROGRAM 

The scientific program of the Second Inter-Amer- 
ican Congress of Radiology will be closed the 31st 
July, 1946. Please be kind enough to send, before 
that date, the title of your paper with an abstract 
of the paper not exceeding one hundred words, 
which abstract will be published in the final program. 

The program of the Scientific Exhibit will be 
closed on the 31st July, Send the title or your Ex- 
hibit and also a detailed description of the material. 
The x-ray films must be presented in reductions of 
5X7 inches. Each film should carry its own descrip- 
tion. 

The Commercial Exhibit will display the best on 
modern equipment and x-ray accessories. We have 
rented space for the leading x-ray concerns. 

Transportation facilities have been asked from 
and promised by Pan American Airways. You, as a 
Congressman, are entitled to a discount of 15% on 
your ticket over the usual 10% discount for round 
trip fare. Please write our Secretary as soon as 
possible confirming your decision to come, so we 
will be able to make reservations at the hotel. 

The Congress fee is Jio.oo (U. S. dollars). You 
can either send the money directly to us or through 
your x-ray society, or also pay at our Registration 
Booth in Havana. 

Members notifying their participation will be met 
at the airport by members and ladies of the Recep- 
tion Committee. We will assist you in any formali- 
ties with the Immigration authorities and will take 
care of your arrival at the National Hotel. 

It has been decided that all meetings and official 
social gatherings will be absolutely informal. Due 
to difficulties in transportation light luggage is sug- 
gested. 

The climate in November in Cuba is so mild that 
nearly every day you can enjoy beach recreation. 
There is no need for an overcoat, bring your spring 
clothes, they are all right for our climate in winter. 
The ladies may bring light furs. 

Besides the scientific and social events officially 
stipulated in the program, we have also organized 
several entertainment and cultural gatherings for 
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all to enjoy. All exclusive Clubs and Casinos will be 
open to Congressmen and their families. 

Officials and ladies of the Social Committee will 
have the great pleasure of assisting anybody in- 
terested in visiting the historic monuments, churches, 
museums, clubs, beaches, pvernment buildings, 
etc., or may have the intention of buying anything 
in our Department Stores. 

Ladies will have their Registration desk next to 
the Registration Booth of the Congress on the first 
floor of the National Hotel. 

Our traditional Cuban hospitality will not fail. 
You may be sure that your Havana winter days will 
be unforgetable. 

CANCER TEACHING DAY 

A Cancer Teaching Day will be held at 
the Hotel Jamestown, Jamestown, New 
York on Thursday, February 28, 1946. 
This is presented under the auspices of the 
Medical Society of the County of Chau- 
tauqua, Jamestown Medical Society, Medi- 
cal Society of the State of New York, and 
the New York State Department of Health, 
Division of Cancer Control. The meeting 
will be called to order at 2:30 p.m., and the 
paper of the afternoon will be presented by 
Louis C. Kress, M.D., Director, State In- 
stitute for the Study of Malignant Diseases, 
Buffalo, New York, on “What the Public 
Should Know about Cancer.” 

Dinner will be served at the Hotel 
Jamestown at 6:30 p.m. Advance reserva- 
tions are required. 

The evening meeting will begin at 8 
P.M. at which the following two papers will 
be presented; “Malignancies of the 
Uterus” by Clyde L. Randall, M.D., Pro- 
fessor of Gynecology, University of Buf- 
falo School of Medicine, Buffalo, New 
York; “Cancer of the Breast” by Samuel 
J. Stabins, hl.D., Assistant Professor of 
Surgery, University of Rochester School of 
Medicine and Dentistrv, Rochester, New 
York. 

MESSAGE FROM THE SOVIET 
UNION 

1 he following cable was recently sent by 
the radiologists of the Soviet Union to 
.■\mcrican radiologists on the occasion of 
the fiftieth anniversary of the discovery of 
the roentgen ray. The message was trans- 


mitted by the American Soviet Society to 
the Secretary of the American Roentgen 
Ray Society who in turn submitted it for 
publication in this Journal: 

On the occasion of the fiftieth anniversary 
of the discovery of the x-rays and radioactivi- 
ties American roentgenology, on marking this 
momentous date this January, all Soviet 
roentgenologists and radiologists — numbering 
many thousands — warmly greet their overseas 
colleagues in the United States. Soviet biology 
highly appreciates great contribution made to 
treasury of world roentgenology and radiology 
by our American colleagues during the past 
half century. Soviet roentgenologists and radi- 
ologists have always closely followed notable 
achievements and progress of their American 
coworkers in this field. We sincerely wish our 
American friends every success in their further 
work. 

Professor S. Reinberg 
On Behalf Jubilee Committee 

UROLOGY AWARD 

The American Urological Association 
offers an annual award “not to exceed 
S500” for an essay (or essays) on the result 
of some specific clinical or laboratory re- 
search in Urology. The amount of the prize 
is based on the merits of the work pre- 
sented, and if the Committee on Scien- 
tific Research deem none of the offerings 
worthy, no award will be made. Competi- 
tors shall be limited to residents in urology 
in recognized hospitals and to urologists 
who have been in such specific practice 
for not more than five years. All interested 
should write the Secretary, for full par- 
ticulars. 

The selected essay (or essays) will appear 
on the program of the forthcoming meeting 
of the American Urological Association, to 
be held at the Netherland Plaza, Cincin- 
nati, Ohio, July 22-25, 1946. 

Essays must be in the hands of the Secre- 
tary, Dr. Thomas D. Moore, 899 Madison 
Avenue, Memphis 3, Tennessee, on or be- 
fore July I, 1946. 

Committee on Scientific Research 
J uDsoN B. Gilbert 
Anson L. Clark 
hliLEV B. M EssoN, Chairma)} 
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for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 




Neuro-Ophthalmology. By Donald J. Lyle, 
B .S M .D F. A.C.S Lecturer on Neuro-Oph- 
. thalmology, Department of Anatomy, Medi- 
cal College of the University of Cincinnati; 
Attending Ophthalmologist to the Good 
Samaritan Hospital, Christ Hospital, Jewish 
Hospital, St. Mary’s Hospital and Children’s 
Hospital. Cloth. Price, ^10.50. Pp. 398, with 
529 illustrations. Springfield, Illinois: Charles 
C Thomas, 1945. 

For years Dr. Lyle’s exhibits in neuro- 
ophthalmology have adorned the scientific ex- 
hibit sections of medical conventions. Out of 
these exhibits, which have grown from year to 
year in scope and depth, has developed the book 
on Neuro-Ophthalmology which lies before us. 
In it the author has endeavored to bring to- 
gether “in brief, but comprehensive and coor- 
4inated matter,” the many phases of neurology 
that make up neuro-ophthalmology. The au- 
thor’s own background in neurology is domi- 
nantly an anatomical one which he acquired as 
a pupil of A. R. Vonderahe, at the University of 
Cincinnati. It is, therefore, not surprising that 
neuro-anatomy figures very prominently in 
Lyle’s Neuro-Ophthalmology, with neurophysi- 
ology and theories of all kinds keeping well in 
the background. 

Another characteristic of the book is the 
abundant factual material which is included in 
the form of 130 case histories and which makes 
for greater practicality, lucidity and vividness 
of the text. In 126 of these cases the diagnosis 
had been confirmed by the findings at operation 
or autopsy. Extensive use has been made of 
combined illustrations showing for instance, on 
the same page, the ophthalmoscopic picture and 
the perimetric, roentgenologic or autopsy find- 
ings. The ophthalmoscopic findings have been 
recorded in black and white, stereoptic or single 
photographs of the fundus. Because of the im- 
portance of color in ophthalmoscopic diagnosis, 
it is hoped tliat in future editions the black and 
white fundus photographs will be replaced with 
kodachrome pictures. 

Aiming at comprehensiveness, the author has 
perhaps included more elementary ophthalmol- 
og)' than would have been necessary in a book 


of this kind. His first chapter, for instance, en- 
titled, “Embryological Development of the 
Neural Structure of the Eye,” while it repre- 
sents a logical starting point for the book, con- 
tains chiefly fundamental ophthalmology. Out- 
standing chapters, from the standpoint of the 
ophthalmologist, are the ones dealing with the 
arterial vascular system of the brain and the 
presentation of the cerebrospinal fluid system. 
The selection of neurological material has been 
made judiciously, so that the ophthalrhologist 
will find in the book the information necessary 
for the understanding of practically all the 
neurological diseases that he is likely to encoun- 
ter. A bibliography containing over 1700 refer- 
ences and covering the last eight years is in- 
cluded. 

In summary. Dr. Lyle’s Neuro-Ophthalmol- 
ogy is intended to guide the ophthalmologist in 
all neurological matters. There is no doubt in 
the reviewer’s mind that the book will serve 
well in that capacity. 

Peter C. Kronfeld 

Escleroses Valvulares Calcificadas: Estu- 
Do Anatomo-Patologico, Radiologico e 
Clinico, Com Apresentacao de Cem Casos. 
By Dr. Roberto Menezes de Oliveria, Capitao 
Medico do Corpo de Saude da Aeronautica, 
Diplomado em Medicina de Avia^ao pela 
Diretoria de Aeronautica do Ministerio da 
Marinha, etc. Paper. Pp. 155, with 67 il- 
lustrations. Rio de Janeiro, Brasil: Tip'ografia 
doPatromato, 1943. 

This monograph, carefully edited and well 
printed on high quality paper, is a worthwhile 
work. The author’s analysis of the result of his 
investigation of one hundred cases of valvular 
calcification, encountered at the Peter Bent 
Brigham Hospital, in Boston, is well presented 
and each statement is based on abundant clini- 
cal, roentgenologic, pathologic and statistical 
proof. The relatively voluminous reports of 
cases are illustrated by about fifty well repro- 
duced roentgenograms. In the text, the author 
mentions more than one hundred bibliographic 
references. 

The author warns against the usually incom- 
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plete diagnoses in the field of his investigation 
Concerning twenty-five of the cases of calcified 
annulus fibrosus, data derived from necropsy 
are given. Certain of the author’s findings from 
this source and from his clinical studies are o 
particular interest. A purely degenerative 
process limited to the valve rings does not inter- 
fere with function whereas a process which re- 
sults in calcification indicates a lesion of the 
valve. Calcified lesions of the aortic valvular 
region involve both ring and valves. The pres- 
ence of calcification of the mitral valve is pathog- 
nomonic of mitral stenosis only when limited 
to the valve proper. Calcification of the annulus 
fibrosus of the mitral valve is one of the most 
frequent and earliest signs of arteriosclerosis. 

In rheumatic cases any calcification which ex- 
tends to the valves proper indicates a functional 
valvular lesion. The degenerative signs found 
with cardiac degeneration associated with cal- 
cification include; coronary calcification (if per 
cent); calcification of the aorta (ao per cent); 
hypertrophic changes in the vertebrae; chole- 
lithiasis; hyperostosis of the skull; osteoporosis 
and Paget’s disease, and kyphosis. Disturbance 
in calcium metabolism was present in 20 per 
cent of the cases. Predominance of the condition 
among females is explicable through the dis- 
turbance of calcium metabolism after meno- 
pause and the higher incidence of hypertension 
among women. 

The six pages of methodically presented sum- 
mary and conclusions are an invaluable part of 
the work. Besides being printed in the author’s 
native Portuguese they also appear translated 
into English. The author concludes that roent- 
genologic studies of valvular calcification facili- 
tate investigation of the following: (1) exact 
movements of cardiac valves; (a.) movements 
associated with suction exerted by the base of 
the heart; (3) the importance of this latter 
movement in the determination of cardiac out- 
put, and (4) the fallacy of measuring cardiac 
output by registering the difference between 
systolic and diastolic silhouettes. 

Great credit is due the author for the thor- 
ough manner in which he has handled his sub- 
ject. This work should inspire further contribu- 
tions on roentgenology of the heart, especially 
from Datin .America. 

Sr.nASTi.AO V. 1 <'r,\nco 

.A Bim.ioGR.M’HY or Avi.atio.v MEOtcixE: 

Sn-ri.r.MKST. By Phche Margaret Hoff, 

F.bbc Curtis Hoff and John I'arqultar Fulton. 


Cloth. Price, $2.50. Pp. 109. Published (1944) 
by the Committee on Aviation Medicine, 
Division of Medical Sciences, National Re- 
search Council, Acting for the Committee on 
Medical Research, Office of Scientific Re- 
search and Development, Washington, D. C. 
Distributed by Charles C Thomas, Spring- 
field, Illinois. 


This supplement is a continuation of the 
previous original Bibliography of Aviation 
Medicine compiled by Hoff and Fulton, and 
published in 1942. The present volume is made 
up of a list of 2,336 entries; these, with the 
references in the first volume, comprise a total 
of over 7,000 items devoted to this special 
field. 

Despite the timely, and in fact imperative, 
interest in all matters pertaining to the aviator 
on account of war conditions, one would hardly 
believe that so many articles dealing with this 
subject could be published in such a relatively 
short time. An inspection of the volume, how- 
ever, reveals at once how far reaching this field 
is and how many other interests are closely as- 
sociated with aviation, especially in war time. 
For example, there is an added topic in this 
supplementary volume which deals with Sur- 
vival and Rescue. References are found in this 
section which are concerned with such per- 
tinent subjects as the effects of sea water on 
experimental animals, shark bite, points of in- 
terest in Navy fishing instructions, the effect 
of exposure on flyers to Arctic waters, etc., etc. 
The remarkable and dramatic story of the de- 
velopment of the Air Transport of the Sick and 
Wounded has been continued in the supplement 
by the addition of new references since the first 
publication in 1942. 

In order that the reader may obtain some 
idea of the extent and nature of the bibliogra- 
phy, it should be stated that the material is 
divided into fourteen main topics, as follows: 
(i) History and General Aspects of Aviation 
Medicine, (2) The Special Physiology of Avia- 
tion and Conditions Simulating Flight, (3) The 
Special Pharmacology of Aviation and Condi- 
tions Simulating Flight, (4) The Special Psy- 
chology of Aviation and Conditions Simulating 
i’kgfit, (5) Aeromicrobiology (Bacteriology and 
immunology m Aviation and High Altitudes), 
W Diseas^ and Accidents in Aviation and 
Conditions Simulating Flight, (7) Selection and 
Efficiency of Flight Personnel, 
W i raining, Performance and Fatigue of 
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Flight Personnel, (9) Protection of Flight Per- 
sonnel, Preventive Medicine and Therapeutics 
of Aviation, (10) Aviation and Public Health 
(Sanitary Aviation), (ii) Organization of Avia- 
tion Medicine, (12) Special Problems, (13) Gen- 
eral Studies in Aviation Medicine, and (14) 
Bibliographies. 

This publication commands interest for sev- 
eral reasons; first, because it is a collection of 
bibliographical information about a new and 
special topic which is of immediate importance 
and growing interest; second, because it ap- 
pears to be a model pattern for the presentation 
of medical bibliography; and third, because the 
publication is obviously more than a simple and 
accurate compilation of data. As the authors 
say, a classified bibliography to deserve its 
name, must preserve an “analytical function, 
else it becomes merely a sterile list of refer- 
ences.” The reviewer is impressed with the care, 
the thought and the planning which have ob- 
viously been devoted to the selection, classifi- 
cation and arrangement of the material in this 
volume. It is to be hoped that other such care- 
fully prepared bibliographies relating to medi- 
cal topics will be available in the future. The 
collection and preparation of such data are not, 
however, a routine task to which the novice 
should be assigned for such work demands the 
mature and intelligent judgment of one experi- 
enced in the field. Any one who contemplates 
the preparation of such a collection would do 
well to peruse the work of Hoff, Hoff and Ful- 
ton and use it as an effective method of presen- 
tation. 

C. C. Sturgis 
BOOKS RECEIVED 

Pediatric X-Ray Diagnosis: A Textbook 
FOR Students and Practitioners of Pedi- 
atrics, Surgery & Radiology. By John 
Caffey, A.B., M.D., Associate Professor of 
Pediatrics, College of Physicians and Sur- 
geons, Columbia University; Associate Pe- 
diatrician and Roentgenologist, Babies Hos- 
pital and Vanderbilt Clinic, New York City, 
etc. Cloth. Price, S12.50. Pp. 838, with 71 1 
illustrations. Chicago: Year Book Pub- 
lishers, 1945. 

Nutrition and Chemical Growth in Child- 
hood. Volume II. Original Data. By Icie G. 
Macy, Ph.D., Sc.D., Director of the Re- 
search Laboratory, Children’s Fund of 
Michigan. With a Foreword by Lawrence 
Reynolds, M.D., Editor of the American 


Journal of Roentgenology and Radium 
Therapy. And a Supplement by Julia 0. 
Holmes, Ph.D. Cloth. Price, Sio.oo. Pp. 1027 
(433-1460), with 706 illustrations. Spring- 
field, Illinois: Charles C Thomas, 1946. 

Whooping Cough. By Joseph H. Lapin, B. 
Chem., M.D., Adjunct Pediatrician, Bronx 
Hospital; Associate in Contagion, Riverside 
Hospital for Contagious Diseases, New York. 
Cloth. Price, S4.50. Pp. 238, with 40 illustra- 
tions. Springfield, Illinois; Charles C Thomas, 
1943 - 

Pulmonary Tuberculosis in the Adult: Its 
Fundamental Aspects. By Max Pinner, 
M.D., Chief, Division of Pulmonary Dis- 
eases, Montefiore Hospital for Chronic Dis- 
eases, New York; Editor, American Review of 
Tuberculosis : Clinical Professor of Medicine, 
College of Physicians and Surgeons, Colum- 
bia University, New York. Cloth. Price, 
S7.50. Pp. 579, with 59 illustrations. Spring- 
field, Illinois; Charles C Thomas, 1945. 

The Dental Treatment of Maxillo-facial 
Injuries: With Supplementary Material 
on Cases and Techniques. By W. Kelsey 
Fry, M.C., M.R.C.S., L.R.C.P., L.D.S., 
R.C.S. (Eng.), Consulting Dental Surgeon to 
the Royal Air Force; Consulting Dental 
Surgeon to the Ministry of Health; Dental 
Surgeon to Guy’s Hospital; P. Rae Shepherd, 
L.D.S., R.C.S. (Eng.), Dental Surgeon, East 
Grinstead Maxillo-facial Unit; Alan C. Mc- 
Leod, D.D.S (Penn.), B.Sc. (Dent.), Toron- 
to, L.D.S., R.C.S. (Eng.), Dental Surgeon, 
East Grinstead Maxillo-facial Unit; and 
Gilbert J. Parfitt, M.R.C.S., L.R.C.P., 
L.D.S., R.C.S. (Eng.), Dental Surgeon, East 
Grinstead Maxillo-facial Unit. With Fore- 
word by Professor F. R. Fraser, M.D., 
F.R.C.P., Director General, Emergency 
Medical Service; and a Section on Fractures 
of the Middle Third of the Face by A. H. 
Mclndoe, M.S., F.R.C.S., F.A.C.S., Con- 
sulting Plastic Surgeon to the Royal Air 
Force, Surgeon-in-Charge, East Grinstead 
Maxillo-facial Unit. Cloth. Price, S6.50. Pp. 
434, with many illustrations. Philadelphia: 
J. B. Lippincott Company, 1944. 

The Neurosurgical Patient: His Problems 
OF Diagnosis and Care. By Carl W. Rand. 
Clinical Professor of Neurological Surgery, 
University of Southern California, School of 
Medicine, Los Angeles, California. Cloth. 
Price, S4.00. Pp. 576, with 121 illustrations. 
Springfield, Illinois: Charles C Thomas, 1944. 
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An Atlas of Anatomy. By J. C. Boileau Grant, 
M.C., M.B., Ch.B., F.R.C.S. (Edin.), Pro- 
fe.ssor of Anatomy in the University of 
Toronto. In two volumes. Volume II. Ver- 
tebrae and Vertebral Column, Thorax, Head 
and Neck. Cloth. Price, S5.00. Pp. 390, with 
460 illustrations. Baltimore, Maryland; Wil- 
liams and Wilkins Company, 1943. 

Dr. W. C. Rontgen. By Otto Glasser, Cleve- 
land Clinic Foundation. Cloth. Price, S4.50. 
Pp. 169, with illustrations. Springfield, Ill- 
inois: Charles C Thomas, 1945' 

Francois Magendie: Pioneer in Experi- 
mental Physiology and Scientific Medi- 
cine IN XIX Century France. By J. M. D. 
Olmsted, Professor of Physiology, University 
of California. Cloth. Price, S5.Q0, Pp, 290, 
with illustrations. New York: Schuman’s, 
1944. 

A Bio-Bibliography of Andreas Vesalius. 
By Harvey Cushing. Cloth. Price, Si 5.00. 
Pp. 229, with many illustrations. New York: 
Schuman’s, 1943. 

The Harvey Cushing Collection of Books 
and Manuscripts. Cloth. Price, SS-So. Pp. 
207. New York; Schuman’s, 1943. 

Radiumdosimetrie. Von Dr. phil. Walter 
Minder, Technischer Leiter des Institutes 
der Bernischen Radiumstiftung in Bern. 
Cloth. Price, S5.50. Pp. 183, with 97 il- 
lustrations. Wien; Julius Springer, 1941. 
J. W. Edwards, Publisher, Ann Arbor, Mich- 
igan. 

SlEBZEHN JaHRE StrAHLENTHERAPIE DER 
Krebse. Zurcher Erfahrungen 1919-1935. 
Von Hans R. Schinz und Adolf Zuppinger. 
Cloth. Price, ?ii.75. Pp. 340, Avith 95 il- 
lustrations and 213 tables. Leipzig: Georg 
Thtcmc, 1937. J. W. Edwards, Publisher, 
Ann Arbor, Michigan. (This book has al- 
ready been reviewed in the American Jour- 
nal OF Roentgenology and Radiu,m Ther- 
apy, 193S, 70, 778.) 


Kurzwellentherapie. Von Dr. Josef Kowar- 
schik. Professor fiir physikalische Therapie 
an der Universitat Wien. Third edition. 
Cloth. Price, $4.25. Pp. 143, with 138 illustra- 
tions. Wien: Springer, 1943. J. W. Edwards, 
Publisher, Ann Arbor, Michigan. 

Rontgenphysik. Von Dr. med. Adolf Liechti, 
Professor fiir medizinische Radiologic; Direk- 
tor des Rontgeninstitutes der Universitat 
Bern. Mit Beitriigen von Dr. phil. Walter 
Minder, Technischer Leiter des Institutes 
der Bernischen Radiumstiftung. Cloth. Price, 
$11.75. Pp- with 227 illustrations. Wien: 
Julius Springer, 1939. J. W, Edwards, Pub- 
lisher, Ann Arbor, Michigan. 

Ultraviolette Strahlen: Ihre Erzeugung, 
Messung UND Anwendung in Medizin, 
Biologie und Technik, Von A. E. Herbert 


Meyer, Dr. phi!., and Ernst Otto Seitz, Dr. 
phil. Mit einem Geleitwort von Professor 
Dr. B. Rajewsky, Direktor des Kaiser- 
Wilhelm-Institutes fiir Biophysik, Frankfurt 
a. M. Cloth. Price, Sio.oo. Pp. 308, with 217 
illustrations and 40 tables. Berlin: Walter de 
Gray ter & Co., 1942. J. W. Edwards, Pub- 
lisher, Ann Arbor, Michigan. 

Ultrakurzwellen in jhren medizinisch- 


.n:\wbNUUNGEN. , uji j.j.. jwnn - 

zer, H. E. Hoiimann, B. Rajewsky, H. Schae- 
mr and E. Schliephake. Cloth. Price, S8.40. 
Pp. 308, with 188 illustrations and 24 tables 
Leipzig: Georg Thieme, 1938. J. W. Edwards, 
Publisher, Ann Arbor, Michigan. 

Invisible Radiations of Organisms. By Otto 
Kahn, Professor of Bacteriology, Cornell 
UmversitjT With an Introduction to the 
Physics of Radiation. By Sidney W. Barnes, 
Research Associate m Physics, University of 
oc tester. (Rtotoplasma-Monographien, 
Volume 9.) Cloth. Price, S4.75. Pp, ,,1,^ 
5 - illustrations. Berlin; Gebtiidet Born- 
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Charleston, S. Q'. 


A DEMONSTRATION ROENTGEN-RAY MACHINE 
“LIVE” CIRCUIT-DIAGRAM MODEL* 


By LIEUTENANT COLONEL LINNEUS G. IDSTROM,** 
CAPTAIN HERBERT LANGFORD,t and 
TECHNICAL SERGEANT WALLACE P. BAKERJ 


"^^UMEROUS training aids have been 

^ devised for the study of roentgen ma- 
chines and their electrical circuits. We are 
aware of demonstration types of roentgen 
machines used for these purposes. One of 
us has had the opportunity of using and 
becoming familiar with the training board 
used at the Army School of Roentgenology 
and the electric model of a roentgen ma- 
chine constructed by Williams^ and in use 
at the Mayo Foundation. 

The demonstration apparatus used at 
the Army School of Roentgenology is of 
wall-display type and produces roentgen 
rays. The electric model in use at the Mayo 
Foundation is constructed from radio parts 
including radio rectifier tubes for demon- 
stration of rectifying circuits, their result- 
ant wave forms and their effect on the 
quantity and quality of the radiation pro- 
duced. This model functions at low voltage 
and was constructed primarily to demon- 
strate basic principles of roentgen machines 
and common types of rectifying circuits. 

Incorporating the methods of teaching 
already successfully used in Army Signal 
Corp Schools, we have designed a roentgen 
machine (Fig. i and 2) with a “live” 
diagram-circuit broken down into teaching 
units, divided as follows: 

* Williams, M. M. D. Electric model of an x-ray machine. 
Radioloxy, 1942, 338-349- 


Autotransformer unit 
High voltage trans- 
former unit 
Rectifier units 

Full-wave rectifica- 
tion unit (bridge 
rectifier) 

Half-wave rectifica- 
tion unit 
Self-rectification 
unit 

Control circuit unit 
Filament circuit unit 
Roentgen tube unit 
Oscilloscope 

Hand timer 


(Fig. I, No. I — yellow) 

(Fig. I, No. 1 — red) 
(Fig. I, No. 3 — blue) 

(Fig. I, No. 3 A — blue) 

(Fig. X, No. 3B — blue) 

(Fig. I, No. 3c — blue) 
(Fig. I, No. 4 — orange) 
(Fig. I, No. 5— gray) 
(Fig. I, No. 6 — green) 
(Fig. I, No. 7 — ^sepa- 
rate unit) 

(Fig. I, No. 8 — acces- 
sory) 


Actual parts are shown on the panel and 
are all integral working parts of the “live” 
circuit except the “high tension” trans- 
former, details of which will be mentioned 
later. Certain parts are included behind the 
panel and incorporated within the circuit 
behind the board to produce desired results 
as expected from the basic exterior demon- 
stration diagram. 

Our circuit is so designed that three ma- 
chines can be demonstrated readily: full- 
wave rectifier with 100 ma., “100 kv.” 
(peak) (Fig. i, 3a); half-wave rectifier with 
60 ma., “100 kv.” (peak) (Fig. i,3b. Fig. a, 
3 b); and self-rectifier 30 ma., “100 kv.” 


• Constructed at Central Signal Corps School, Camp Crowder, Missouri. 

•* Medical Corps, Army of the United States, 
t Signal Corps, Army of the United States, 
f Medical Department, Army of the United States. 
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(peak) (Fig. i, 3c, Fig. a, 3c). Within limits, 
these machines are operated mucli like an 
ordinary roentgen machine. As safety fac- 
tors, production of actual high tension volt- 
age and development of roentgen rays are 
eliminated as unnecessary. 

Primary circuit voltages, kilovoltage, 
and milliampere measurements are readily 
visualized in approximately correct meter 
readings. A gas-filled rectifier (tungar rec- 


liamperage wave forms are studied. (We 
have used 3 inch and 7 inch oscilloscopes, 
the former for classroom demonstrations; 
the latter for larger groups.) 

THE CIRCUIT 

The design, in which a standard simpli- 
fied circuit is broken down into six sub- 
divisions, already enumerated, allows in 
panel 3 (Fig. 1) a substitution of the three 



Fig. I. Demonstration roentgen-ray machine. Full-wave rectification panel in circuit, 


tifier with base removed) is chosen as the 
“roentgen tube” because rectified current 
is produced, filament changes result in vis- 
ual proof of milliamperage change, the 
photoelectric effect of electron emission is 
demonstrable, and the tube is similar in ap- 
pearance to a roentgen tube with cathode 
and anode visible (Fig. i. No. 6). 

Through the use of an oscilloscope (Fig. 
I, No 7), voltage wave form, including rec- 
tification, is shown in various parts of the 
circuit. By connecting a 100 to 200 ohm 
resistor into the “high tension” circuit, mil- 


, ujucs witJiout dis- 

turbmg the remainder of the circuit. The 
oAer panels are thus kept in a fixed posi- 

ftli' constructed on a 6 by 4 

on a shelf =oPPor(ed 

SIX units, plus two substitution units each 
section measunng « by 04 inches Panda 
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are painted a different color for better vis- 
ualization of each unit. The circuit diagram 
is painted on the board in solid black lines 
as seen in Figure i . 

AUTOTRANSFORMER UNIT 

The upper left hand panel (painted yel- 
Ipw) contains the autotransformer (Fig. i, 
No. i) hand wound, using the core of a 



Fig. 2. Demonstration roentgen-ray machine show- 
ing half-wave rectification panel i^A') and self- 
rectification (B) as part of circuit. {A, above; 
B below.) 

small radio transformer. Taps are brought 
out to give secondary voltages ranging from 
50 to 150 volts. Major tap controls allow 
for 20 volt gradations and minor tap con- 
trol's for 5 volt changes. On the primary 
side of the autotransformer, line voltage 
compensation is effected through 100, no, 
120 and 130 volt taps. 

The leads from the autotransformer (Fig. 
3) are seen behind the board, with the fixed 


primary lead connected to one side of the 
A.C. line coming from the control circuit 
unit. The four primary tap leads (line volt- 
age compensation) connect to' snap fas- 
teners on the board. The other A.C. line 
lead is also brought to the front surface of 
the board and terminates in a snap to fit 
any one of the snap fasteners of the primary 
taps. 

Secondary taps for the major adjust- 
ments are connected to a five-position 
wafer switch. Switch and leads are mounted 
behind the board with control knobs placed 
on the surface of board over the painted 
taps of the diagram. Minor control taps are 
similarly connected behind the board. The 
two leads from the common points on the 
wafer switches are connected to snap fas- 
teners at the right edge of this panel, the 
lower also incorporating a knife switch for 
manual timing. The control unit can thus 
be excluded from the circuit. 

By the method described, the painted 
diagram is incorporated into the circuit 
through live snap fastener taps which are 
available on the front side of the board. 
Each unit is similarly constructed in this 
regard. 

HIGH VOLTAGE TRANSFORMER UNIT 

The second panel (Fig. 1 and 2, No. 2) 
should normally include a functioning high 
tension transformer. The use of a training 
aid by inexperienced personnel (enlisted 
men and WAC trainees in our department) 
precluded the use of dangerous voltages. 
Therefore, this panel (painted red) shows 
the schematic diagram of a high voltage 
transformer. The transformer mounted on 
this section, however, is a “dummy” with 
the case made from the end of a pressed- 
meat can (painted black) and four stand- 
off insulators. Realism is obtained by 
running two “low voltage” (dummy) leads 
into the transformer case through rubber 
grommets and running four “high voltage” 
(dummy) secondary leads from the stand- 
off insulators to four similar high tension 
insulators on the display panel (see Fig. i). 

The meter (Fig. 4), also mounted on this 
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panel in the conventional manner, is shown 
erounded at zero potential in the secondary 
circuit. Through the use of a three-pole, 
three-position switch, the meter does trip e 
duty, serving to record volts, kilovolts 
and milliamperes. As a milhameter (nrst 
position of switch— -ma.) it is actually 
mounted directly in the circuit between the 


simultaneously connects the leads from the 
knife switch (autotransformer panel) to the 
rectifier panel, thus restoring the circuit 
that is otherwise broken as the milham- 
meter is removed. The aooo ohm resistance 
will permit a full scale deflection of ~oo 
volts, the face of the meter being calibrated 
accordingly. 



Fig. 3. Diagram of a circuit as actually found on back side of demonstration board with full-wave rectifica- 
tion panel (No. 3c) inserted. Substitution panels for half-wave rectification (No. 3n) are shown in smaller 
diagrams below. See Figure 4 for detail of all-purpose meter diagram (No. a). 


autotransformer and the rectifier (see Fig. 
2) and is shunted (by an internal shunt) to 
read 100 ma. at full-scale deflection. 

By turning the selector switch to the sec- 
ond position (volts) the meter is connected 
through a aooo ohm resistor to the volts 
terminals on the control circuit panel (Fig. 
I, No. 4) This outlet allows for its incorpo- 
ration into the primary or control circuits 
for voltage measurements at any snap- 
fastener connections. The selector switch 


The third position of the selector switch 
( kv. ) connects the meter through a 1500 
ohm resistance to the (“kv.”) terminals on 
the control circuit panel. The 1500 ohm 
resistance will result in a full scale deflec- 
tion of 150 volts but the face of the scale is 
not so calibrated. The maximum output of 
the autotransformer (with line voltage 
compensation taps correctly set) is 150 
volts, and this voltage connected to the 
kilovolt terminals will give a full meter 
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scale deflection. If the machine had an ac- 
tual high tension transformer, the high ten- 
sion equivalent of 150 volts on the auto- 
transformer would be 100 kv. on the 
secondary circuit. Therefore, a meter scale 
0-100 is used as the kilovolt scale. Thus, 
voltmeter leads taken from the high ten- 
sion side of the high voltage transformer 
and connected to the kilovolt taps will 
read a fictitious peak of 100 kv. for 150 
peak volts of primary and proportionately 


rectly through from high voltage trans- 
former to the roentgen tube. By replacing 
this panel with the half-wave rectifier 
(Fig. 1, No 3 b) a circuit incorporating a 
single radio tube rectifier is made possible. 
By inserting a third panel (Fig. i. No. 3 a) 
a full-wave rectifier becomes an integral 
part of the circuit. This unit demonstrates 
the usual type of permanent installation 
seen. By removing one valve tube from this 
circuit, the oscilloscope also shows the 



Fig. 4. Detailed diagram of circuit using an all-purpose meter (see insert) with a three-hole, three-position 
switch. Milliamperage is recorded with switch in position i, voltage in position 2, and kilovoltage in position 
3. Voltmeter and kilovoltmeter terminals are seen in control panel (Fig. i and 3, No. 4). 


lesser “kilovolts” when tapped down 
through major and minor controls (sec- 
ondary circuit of auto transformer). 

RECTIFIER CIRCUIT UNITS 

The third panel, painted blue (Fig. i. 
No. 3, A, B or c), contains the rectifier cir- 
cuit in which the versatility of the board is 
increased. As mentioned earlier, simple 
demonstration of various types of rectifi- 
cation is done by making interchangeable 
panels. The self-rectification panel (Fig. l. 
No. 3c) is used for demonstration of the 
Army portable self-rectifying roentgen 
unit in its basic form. Wiring is carried di- 


change from full-wave to half-wave rectifi- 
cation, which occurs with loss of one or 
both tubes which are paired in series in the 
full-wave (bridge) rectifying circuit. 

CONTROL CIRCUIT UNIT 

The control circuit (Fig. i. No. 4), painted 
orange, contains the following essentials: 
main switch (double pole, single throw) and 
fuses connected to no volt A.C. outlet, 
contactor, circuit breaker, knife switch for 
manual circuit closure, outlet for attach- 
ment of timer obtained from regular port- 
able roentgen machine, and voltage and 
“kilovoltage” meter connections. 
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The knife switch is incorporated to 
demonstrate a simple timer device. A simi- 
lar knife switch is found in the autotrans- 
former circuit (Fig. i. No. i) functioning 
as a manual timer when the control circuit 
timer switch is open, demonstrating timing 
as it was performed in the roentgen unit 
used in World War i. ^ 

The contactor and circuit breaker readily 
show their protective value with demon- 
stration of line surges and "short circuits.” 

The controf circuit is thus an aid in dem- 
onstration of refinements seen in present- 
day machines. 

FILAMENT TRANSFORMER UNIT 

The filament transjormer unit (Fig. i, 
No. 5), painted gray, contains a small step- 
down transformer for supplying current to 
the “roentgen” tube filament. The filament 
control is on the panel and governs a small 
rheostat (illustrated as a choke coil). 

For convenience, a step-down trans- 
former with four identical secondary wind- 
ings supplies the filaments of the rectifier 
tubes. This is a slight variant from the 
more common use of two similar step-down 
transformers each functioning to supply 
the filament of a valve in the bridge recti- 
fier and a third step-down transformer for 
the filaments of the remaining two-valve 
tubes. A control for valve tube filaments is 
also available on the front side of the panel 
but it is not turned conveniently without 
pliers. This control (also a rheostat) so ar- 
ranged demonstrates the need for occa- 
sional filament control of valve tubes for 
maximum tube life and efficiency, 

ROENTGEN TUBE UNIT 

The roentgen tube unit consists only of 
the roentgen tube which in this model is a 
tungar rectifier with base removed. No in- 
crease in demonstration value would result 
from use of a real roentgen tube whereas 
definite bodily harm might be incurred 
through production of high voltage and ac- 
tual roentgen rays. Certain advantages are 
offered through the use of a gas-filled tube. 


The tungar rectifier has an appearance 
quite .similar to a basic roentgen tube. Fila- 
ment control is readily visualized and the 
photoelectric effect of electron emission is 
effectively demonstrated wiien the timer 
switch is closed. With the insertion of re- 
sistors in the “high tension circuit (Fig. z. 
No. 6) both voltage and mi Hi amperage 
waves ar^demonstrable on the oscilloscope. 

To all intents and purposes, the tube 
used therefore adequately demonstrates a 
real roentgen tube and has the advantage 
of safety factors mentioned. 

SUMMARV 

A model is so constructed that the use of 
a “live” circuit-diagram is incorporated 
with the fundamental working parts of a 
basic roentgen machine (high voltage trans- 
former excepted). Through the use of snap- 
fastener connections at all important 
points, the diagram is “live” electrically for 
the demonstration of fundamental teach- 
ing problems. 

The circuit is divided into basic units 
through the use of colored panels. Circuit 
connections can be varied between panels. 
For further versatility, the rectifier panels 
are interchangeable, resulting in a teaching 
aid with three or more demonstrable types 
of roentgen machines. 

We believe that this demonstration 
roentgen machine will prove of value in 
other^ army and civilian hospitals and 
teaching centers. It is of simple construc- 
tion and many parts can be obtained from 
old radio or electrical equipment. Other 
parts can be designed and built to fit the 
needs of the machine. 

Lieut. Col. L. G, Idstrom 
Grays Bay 
Wayzata, Minn. 

EQUIPMENT DATA 

Ml 100 ma. meter (also used as voltmeter 
and “kilovoltmeter”) 

Standard two-pole convenience outlet 

RJ ohm-5 watt resistors (equivalent to 
one 1500 ohm-io watt resistor) 
—2000 ohm-12 watt resistor 
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Ri — 500 ohm-50 watt potentiometer with 
knob control 

R5 — 500 ohm-50 watt potentiometer with 
screw control 


R-, 

Si 

S2. 

S4 

S3 

Se 

Sb 

Ti 

T2 

T3 


RLi 

RLz 


2500 ohm-i2 watt resistors 

— Five position wafer switches 

— Three pole-three position wafer switch 

• — Single pole-single throw knife switches 

— Double pole-single throw fusable knife 
switch 

—150 volt autotransformer (see winding 
data) 

— High voltage transformer (dummy) 

— Filament transformer for rectifier tubes 
(see winding data) 

—Filament transformer for simulated 
roentgen tube (see winding data) 

— Circuit breaker 
- — Contactor 


— Vacuum tube rectifiers, type iv. 

— Simulated roentgen tube (tungar recti- 
fier with base removed) 

Snap fasteners 

Power cord and plug 

Switch and rheostat knobs 

Lugs for soldered connections 

Copper hook-up wire 

Miscellaneous nuts and bolts 

Two pairs of meter leads with snap tips 

Two pairs of oscilloscope leads with snap tips 

Oscilloscope (separate unit) 

Hand timer (separate unit) 


/^2 


Each transfonuer is wound to fit the specific 
plans for a demonstration machine. Wire sizes 
are not too important, and like most other 
parts, are dependent upon what is available. 

The autotransformer (Ti) was constructed 
from core and shell of a “burned out” 40 watt 
radio filament transformer. 

Winding procedure: No. 30 enameled copper 
wire (a larger size may be used) is wound — four 
turns per volt — with taps brought out as fol- 
lows: (i) start; (2) So turns; (3) 160 turns; 
(4) 240 turns; (5) 320 turns; (6) 480 turns; 
(7) 520 turns; (8) 540 turns; (9) 560 turns; 
(10) 580 turns; final tap at 600 turns. Of these, 
five are used as primary taps and ten as second- 
ary taps so it is seen that four taps do double 
duty. This is accomplished by connecting one 


side of the A.C. supply to tap (2) and not to tap 

(i) . The other side of the A.C. supply is fitted 
with a snap fastener which is connected to tap 

(ii) for 130 volts line voltage; to tap (9) for 
120 volts; to tap (7) for 1 10 volts; and to tap (6) 
for 100 volts. Taps (i), (2), (3), (4), and (5) are 
connected to the five positions of the major 
adjustment switch. Taps (7), (8), (9), (to), and 
(ii) are connected to the minor adjustment 
switch. 

With the primary line voltage compensa- 
tion (primary taps) set to corresponding line 
voltage, it is possible to vary secondary voltage 
from 50 to 150 volts in five volt steps. 

The filament voltage transjormer (T3) for the 
rectifier tubes is wound to the following speci- 
fications: 

Core and shell — salvaged from a small radio 
filament transformer with a “burned out” 
secondary (here again a 40 watt transformer is 
satisfactory). 

Primary winding — used without modifica- 
tion. 

Secondary winding — The old secondary 
winding is carefully removed and turns are 
counted. From these data and secondary volt- 
age rating it is determined that the turns 
per volt should be 5.5. Then four identical 
secondary windings are wound over the pri- 
mary using 40 turns of No. 22 enameled copper 
wire for each winding. 

This results in a voltage slightly above the 
6.3 volt rating of the i V tubes but this voltage 
could be dropped by means of resistance Ri 
(Fig. 2). Separate leads are brought out from 
each secondary winding. 

Turns per volt will vary with type of trans- 
former obtainable. 

The filament voltage transjormer (T4 — Fig. 2) 
for the simulated roentgen tube is wound in a 
manner similar to that used in winding trans- 
fonuer Ts. In this instance, however, the turns 
per volt figure is 5.0 for the single secondary coil 
wound. 

Secondary winding — The secondary is wound 
with a pair of No. 14 enameled copper wires to 
insure enough current capacity. 

(A single No. 12 or larger enameled copper 
wire would be satisfactory to supply the 15 
amperes drawn by the tungar rectifier but No. 
14 wire is more easily wound then either No. 12 
or No. 10 wire.) The winding is made with 12 
turns which give an output of 2.4 volts W'ith 120 
volts on the primary side. Secondary voltage is 
controlled by (see Fig. 2). 
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A PORTABLE VIEWING BOX AND DISPLAY CASE 

ISy MILTON S, LLOYD, M.D. 

NEW YORK, NEW YORK 


''T^HE piece of equipment described below 
performs a double function without 
loss of efficiency for either purpose. 

As a roentgen-ray viewing box, it ac- 
commodates six 14X17 inch films or an 
equivalent surface area of smaller ones. As 
a display case, ft provides space for one 
hundred standard lantern slides or four 
hundred 35 mm. mounts or any desired 
combination of the two. As part of a 
physician’s office furniture, one-half may 
be used as a roentgen-ray viewing box and 
the other half for an exhibit of interesting 


front. On the bottom, the strips are of 
equal dimension, but reversed in position. 
Three hinges are then provided for the 
top and a pair of strong clasps for the 
bottom. Two struts are fitted to the bottom 
so as to project 5 inches beyond the edge at 
the back. They should be attached by a 
single large screw or bolt, so that they can 
be swung under for the sake of portability. 
When the box is opened, it presents a 
plane front 42-J'X43-} inches sloping back- 
ward, a total of 3 inches from the vertical. 



or attractive transparencies. In this way, 
it is useful and decorative at the same 
time. 

Since its construction is not beyond the 
ability of any good workman, the rough 
blueprint data are provided herewith. The 
box measures 43^X21 Xis| inches and is 
made of f inch lumber, preferably of light 
weight. It is placed in such a position that 

j inch surfaces form the top 

and bottom. Then it is cut lengthwise on 
the bias leaving, on the top, a 7 inch strip 
at the back and an 8| inch strip at the 
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Fig. 2. A photograph of the case being used as a 
viewing box in the upper section and as a perm.a- 
nent exhibit of Kodacbromes in the lower. 


• -j pamtea white on the 

mside. Each half is measured off in three 

stalled a pair of sodium vapor lights of 1 c 
watt strength and 18 inches long. Tim 
ights are backed by a continuous sheet of 

rtfs? n'”™ 

painted white. DetadeTaS*" 'tleVn" 
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any standard modern roentgen-ray viewing 
box. 

A framework of supports is affixed and 
the enclosure is completed by a single sheet 
of triple-flash opalescent glass for each 
section. 

A removable holding frame and panel is 
built for each section. The frames are 
provided with suitable springs on the 
upper borders to hold roentgenograms in 
position. The panels consist of six grooved 
strips laid upon cross pieces so as to ac- 
commodate five rows of ten standard 
lantern slides each — a total of one hundred 
for the two sections. If 35 mm. film is to be 


used, four exposures can be mounted be- 
tween a pair of standard cover glasses. The 
lantern slides are inserted by sliding them 
along the grooved channels from the left 
hand end, and the entire panel, when thus 
set up, may be inserted into its proper 
section instead of the roentgen film holding 
frame. It is secured by wing buttons. The 
case may then be closed and the prepared 
exhibit easily transported by automobile 
without danger of breakage. In order to 
set it up, it is only necessary to open the 
case and plug into a source of electricity. 

667 Madison Avenue, 

New York 21, N. Y. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 

ROENTGEN DIAGNOSIS cava. The compression of this vessel with 

SKELETAL SYSTEM marked reduction in its lumen had caused the 


Bianchi, Andres, and Muscolo, Domingo. 

Limfosarcomatosis con lesiones oseas. (Lym- 

phosarcomatosis with bone lesions.) Rev. 

ortop.y tratmatoL, Oct., 1943, /j, 79-94. 

Virchow in 1864 differentiated lympho- 
sarcomatosis from the large group of leukemias 
but he also included malignant granuloma 
under this name. Kundrat in 1893 differentiated 
it from lymphogranulomatosis. By changing 
Virchow’s name of lymphosarcoma to lympho- 
sarcomatcsis he defined its systemic character. 
Sternberg made a careful histopathological 
study of lymphosarcomatosis and established 
the differences between it and the leukemias 
and also between it and the true malignant 
tumors. 

The disease generally begins in Waldeyer’s 
lymphatic ring or in the mediastinal or retro- 
peritoneal glands. It affects a whole group of 
glands from which it extends directly by 
propagation or more rarely by way of the 
lymphatic to other glands. The capsule soon 
breaks down and the glands become adherent 
to each other. All the surrounding tissues are 
infiltrated. The spleen is not affected and 
though the liver is involved the lesions are 
never so great as in lymphadenosis, which is an 
important differentiating sign. The vessels are 
surrounded and compressed but rarely in- 
filtrated. The kidney is frequently affected and 
greatly enlarged. 

A case is described in a young man seventeen 
years of age who first came for treatment for 
swelling of the submaxillary glands; the process 
extended to the mediastinal, abdominal and 
inguinocrural glands and to various bones. It 
was extremely malignant and the patient died 
in less than a year. Photographs, roentgeno- 
grams and microphotographs of the histopatho- 
logical findings are given. The nodules in the 
kidneys and the tissue which surrounded the 
vena cava showed, as usual, that the Jympho- 
sarcomatosis had infiltrated the tissues without 
causing the destruction characteristic of malig- 
nant tumors. The process had spared the 
glomeruli and renal vessels as well as the vena 


great edema of the lower limbs. 

Roentgen treatment was given and the 
growths proved very radiosensitive but the 
process was so diffuse that it could not be 
arrested permanently . — Audrey G. Morgan, 

Pavlovsky, Alfredo, Paterson Toledo, R., 
and Muscolo, Domingo. Linfogranulomato- 
sis osea; comen tarios sobre 25 observaciones. 
(Lymphogranulomatosis of bone; comment 
on 2C cases.) Rev. ortop. y traumaloL. Tan., 

1944, 136-157- 

Malignant lymphogranuloma or Hodgkin’s 
disease is a psieudoleukemic disease belonging 
to the group of granulomas. It is generally 
classified as local or generalized but the authors 
use a classification into tumoral, infectious and 
mixed forms. 

Sometimes the bones are involved. Among 
402 cases seen by the authors there was bone 
involvement in 25, or 6.21 per cent. Occasion- 
ally the bone symptoms are primary. This was 
true in 4 of these cases. In all these the bone 
lesions were located in the sternum and biopsy 
material was obtained by puncture. It is 
probable that bone lesions are not visible roent- 
genologically at first as autopsy material shows 
a much larger proportion of bone lesions than 
does roentgen examination. 

In 40 to 48 per cent of these cases bone in- 
volvement was a premonitory sign of death, 
but the authors believe that this is because the 
bone lesions usually appear late rather than 
that they add to the malignancy of the disease. 
However, in 3 cases the appearance of the bone 
lesions coincided with a change of the disease 
from a tumorous into an infectious fonn, with 
frank acceleration of malignancy and the 
beginning of cachexia. Various bones were in- 
volved in this series but the most frequent 
involvement is in the lumbar column and pelvis 
or the dorsolumbar column and ribs. In 2 of the 
cases the Ijnnphogranulomatosis was associated 
with tuberculosis, in i case with Pott's disease 
and in the other with pulmonary and gland 
tuberculosis. 

The roentgen characteristics of the bone 
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disease are discussed and illustrated with many 
roentgenograms of the different forms. A table 
is given showing the clinicn.1 features of the 
cases. 

In the early tumoral stage, roentgen treat- 
ment is very effective but when the disease has 
taken on an infectious character it is ineffective. 

In spite of the severity of the involvement of 
the vertebrae in some cases, the spinal cord and 
nerve roots are rarely affected; they were in- 
volved in only 4 of this series of cases. When 
the cord is affected it is generally by pressure 
from extrameningeai tumors rather than by 
infiltration of the meninges and covA—Audrey 
G. Morgan. 

Brocklebank, J. a. Focal osteitis fibrosa of 
the skull. Brit. J. Radiol.^ Feb., 1944, //, 
62-63. 

A man of twenty-eight came for examination 
on account of headaches and an asymmetrical 
swelling of the face. He said the asymmetry and 
swelling in the right zygomatic region had been 
present as long as he can remember but in the 
last six months there had been a marked in- 
crease in size. His general health was good and 
the rounded tumor of the right cheek had dis- 
placed the eye upward and the corner of the 
mouth downward. There were similar tumors 
in the right temple and occiput, all painless. 
His facial appearance suggested trigeminal 
palsy on the right side but there was no 
muscular weakness nor disturbance of vision. 

Roentgen examination showed dense sclerosis 
of the basal bones and great hyperostosis of the 
frontal, occipital and right parietal regions and 
the right maxilla. The whole of the skull showed 
many woolly patches which suggested osteitis 
deformans. There were cystic lesions in the 
pelvis and femurs. 

Major J. Duncan White said that this was 
apparently a case of osteitis fibrosa. The cystic 
areas resembled those seen in hyperpara- 
thyroidism but this disease generally occurs in 
elderly women and this patient had no clinical 
syrnptoms of excessive endocrine activity. 
Quite frequently in osteitis fibrosa there is 
thickening of the vault of the skull which some- 
times greatly resembles that seen in osteitis 
deformans. — Audrey G. Morgan. 

Folus, Richard H., Jr., and Jackson, 
Deborah A. Renal osteomalacia and osteitis 
fibrosa in adults. Bull. Johns Hopkins Hosp., 
April, 1943, 72, 232-241 . 


This report concerns the autopsy fibdings in 
the vertebrae of 39 who died of renal 

iiRsufficiency. The authors found that approxi- 
mately 50 per cent of these patients had skeletal 
lesions. The most predominant finding was the 
presence of excessive osteoid tissue, justifying 
a diagnosis of osteomalacia; in a lesser propor- 
tion the changes of osteitis fibrosa cystica were 
found. The lesions were present more often in 
cases of chronic glomerulonephritis or pyelo- 
nephritis than in chronic vascular nephritis. 
They attempt no explanation of these skeletal 
changes because of the complexity of the 
problem and the difficulty in correlating such 
variable factors as blood serum protein, calcium 
and phosphonis, and the influence of the para- 
thyroid hormone. 

They refer to reports by Ginzler and Jaffe, 
Bergstrand, and Mach and Rutishauser that 
one can recognize histological alterations in the 
skeletal system of adults having renal in- 
sufficiency before they manifest themselves 
clinically or by roentgenological studie.s, but do 
not present evidence to support or disprove this 
contention . — Angus K. JFilson. 


Gunther, Lewis, Cohn, Ei.ma T., Cohn, 
Waldo E., and Greenberg David M. 
Metabolism of bone salts in resistant rickets; 
report of a case, with balance and radio- 
active studies. Am. J. Bis. Child., Nov., 
1943, 517-527. 

This paper is the report of an investigation 
of the fate of labeled radioactive phosphorus 
and of the total calcium, magnesium and 
phosphorus balance in a case of intractable 
rickets. The patient was a boy who suffered 
from rickets from infancy until fourteen years 
of age in spite of treatment with vitamin D and 
supplements of calcium salts. The disorder was 
corrected by the daily administration of fish 
hver oil high in vitamin D. The dose started at 
the level of 122,000 U.S.P. units per day and 
was eventually reduced to about 50,000 units 
per day. 


ui mineral metabolism showed that 
a positive calcium and phosporus balance could 
be maintained only when the intake of these 
elements was high. Otherwise both the calcium 
and phosphorus balances were negative. The 
1*^'^^ balances corresponded to 
changes m the amounts of the minerals ex 
feces. The urinary excretion of 
th calcium and phosporus remained practi- 
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cally unchanged with either high or low calcium 
diets. 

Tracer experiments with radioactive phos- 
phorus showed that phosphate was readily- 
absorbed from the intestinal tract by the 
patient. The hypothesis is offered by the 
authors that the primary defect in this condi- 
tion is not failure of absorption of the bone 
salts but rather in a failure of the calcifying 
mechanism. 

The paper is illustrated with serial roentgeno- 
grams showing the rachitic changes in the bones 
at various intervals during the course of treat- 
ment. — i?. S. Bromer. 

Follis, Richard H., Jr., Jackson, Deborah, 

Eliot, Martha M., and Park, E. A. Preval- 
ence of rickets in children between two and 

fourteen years of age. Am. J. Dis. Child., 

July, 1943, 66 , i-ii. 

Two hundred and thirty children aged be- 
tween two and fourteen years who died in the 
Harriet Lane Home from all causes were 
eiiamined in consecutive autopsies for rickets. 
The total prevalence of rickets was found to be 
46.5 per cent. The figures according to years 
indicated that the disease occurred with 
scarcely diminished frequency up to the four- 
teenth year. In 23 per cent of the total number 
studied the disease was classified as slight, in 
18.7 per cent as moderate and in 4.8 per cent as 
advanced. In the white children the total 
prevalence was 43.6 per cent and in the Negro 
children 48.5 per cent. The prevalence of the 
disease in well developed degree was greater 
among Negro children. 

No definite relationship between the oc- 
currence of rickets and any particular disease 
could be established, with the possible ex- 
ception of chronic lead poisoning. The pre- 
valence of rickets among children dying of 
acute disease was greater than among those 
dying of chronic disease. The authors regard the 
significance of this as not clear. Disease may 
favor the development of rickets or, on the 
other hand, interfere with or actually block its 
development. 

The greatest prevalence of rickets was in the 
winter months, December to February; the 
lowest, in the autumn months, September to 
November. 

The fact is emphasized that the authors’ 
studies dealt with a hospital population, not 
with the population at large. However, their 


February, 1946 

Study suggests strongly that rickets is a fre- 
quent occurrence in healthy-appearing children. 

It was possible to recognize rickets by means 
of roentgen examination at most in 5 cases. 
They consider this fact not remarkable, since 
the characteristic roentgenographic signs are 
those which develop at the cartilage-shaft 
junction and changes there are apt to be con- 
fined to so narrow a stratum in children three 
or four years old. Because of the slower growth 
they do not show clearly. In still older children 
the changes at the cartilage-shaft junction may 
not develop at all, even though the shaft may 
be the seat of advanced involvement. With at 
most 5 exceptions, the rickets in the older 
children studied in this report could have given 
no outward Signs of its presence. 

The bones studied were the middle ribs. 

The authors were totally unable to use 
Schmorl’s classification of “beginning,” 
“florid,” “healing” and “healed” rickets, and 
they do not believe it is sound. They could not 
regularly differentiate between “beginning” 
rickets and slight rickets which had been 
present for a long time but had remained in a 
state of only slight development. They could 
also not distinguish between “healing” rickets 
in many cases and a very common form of the 
disease in which a healing process is operative 
all the time but never becomes sufficient to end 
the disease. They made no attempt to note 
those cases in which the rickets had entirely 
healed and only deformities were left. — R. S. 
Bromer. 

Kuhn, Harold H., and Hemphill, James E. 

Baker’s cyst: posterior herniation of the knee 

joint. Radiology, March, 1944, 42, 237-240. 

Baker described 10 cases of these synovial 
cysts and differentiated them from diseases of 
the knee joint. He at first believed they were 
the result of osteoarthritis. In 3 of his patients 
there was a true herniation through the poste- 
rior wall of the joint capsule. 

These hernias usually develop gradually. 
With the patient upright and the knee ex- 
tended the cystic swelling appears as a bulging 
mass on the medial aspect of the popliteal area 
distal to the popliteal skin creases. There is a 
soft, tender, non-fluctuating mass along the 
lateral aspect of the semimembranosus tendon. 
Differential diagnosis must be made from 
lipoma, hyperplastic bursitis, fibrosarcoma, 
angioma and arteriovenous aneurysm. 
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Diagnosis is made by injecting air into the 
joint and bandaging the lower third of the 
thigh so that the air is forced into any cyst that 
may exist. Roentgenograms with soft tissue 
exposure are then made. Two cases are de- 
scribed and roentgenograms given. 

If these cysts are small they may be treated 
with a tight binder and a pressure pad over the 
the mass. If they are large enough to cause 
edema of the leg or interfere with the normal 
motion of the knee joint they should be re- 
moved surgically. If there is a pedicle it should 
be followed into the knee joint and its intra- 
articular part severed. The capsule is then 
closed completely which minimizes the pos- 
sibility of recurrence . — Audrey G. Morgan. 

Hauch, Paul P, Pneumorontgenography of 
the knee joint. Brit. J. Radiol., March, 1944) 

70-74- 

Strenuous training for military service has 
resulted in many injuries of the knee joint. 
Clinical examination can be usefully sup- 
plemented by roentgen examination of the 
joint after aspiration and the injection of 100 
to 140 cc. of oxygen. An elastic bandage is 
applied tightly above the joint to force the 
oxygen into the lower compartments. The 
patient lies face downward with knees slightly 
flexed and films are made of each joint space in 
the anteroposterior position and in internal and 
external rotation. Forced adduction and abduc- 
tion are applied in securing films of the internal 
and external spaces. Oxygen is used in prefer- 
ence to air as it is absorbed more quickly. No 
infection has followed the use of the method in 
any of the author’s cases. 

A series of ai cases is reported with roent- 
genograms showing the normal appearance of 
the joint and various abnormal conditions. 
In ri of the cases torn menisci were found. 
Other pathological conditions found were 
hypertrophied fat pads, loose bodies, Pelle- 
grini-Steida’s disease, discoid cartilage and 
postoperative absence of menisci. 

Further development of this method will 
doubtless prove of great value in diagnosing 
cases of injury of the knee joint that cannot be 
diagnosed_ crmicall>\ It will be even more 
accurate if there is close correlation of the 

clinical, operative and roentgen findings. 

Audrey G. Morgan. 

Marottoli, Oscar R. Sobre las fracturas de la 

apofisis externa del astragalo. (Fractures of 


the external tuberosity of the astragalus^.) 

Rev. orlop, y traumatoL, Oct., I 943 > 

117. 

Fracture of the external tuberosity of the 
astragalus is extremely rare, only _6 cases 
having been published before this article was 
written. The publication of these 4 cases is 
justified by this rarity and by the fact that the 
lesion is often incorrectly diagnosed as sprain 
and the late results may lead to suits for 
damages. 

The anatomy of the astragalus and its 
articulations is reviewed. The clinical signs of 
this fracture are inability to walk, marked 
edema of the ankle, ccchymotic infiltration of 
variable extent around the region of the ex- 
ternal malleolus and an intensely painful point 
in front of and a little above the vertex of the 
external malleolus. A roentgenogram shows the 
tuberosity broken off at the level of the vertex 
of the external malleolus or only the most 
projecting part of the tuberosity may be de- 
tached. This form may be caused by strong 
traction on the ligaments. Generally there are 
no other bone lesions but in one of the author’s 
cases a small fragment was broken off from the 
externa! malleolus and the internal malleolus 
was fractured, while in another there was in- 
complete fracture of the lower third of the 
tibia. 

Four cases are described and illustrated with 
roentgenograms and photographs of operation. 
The fractures were caused by falling from a 
height and striking on the feet, or in 3 case by 
being struck by an automobile. In i of the cases 
a mistaken diagnosis of sprain had been made 
and^ the patients did not come to the author 
until nine and five months after the accident. 
In both these cases operation had to, be per- 
formed and the detached part of the bone 
removed. In the other 1 cases the patients came 
for treatment immediately after the accident 
and consolidation was brought about by the 
application of a plaster cast and the use of 
Braun s apparatus.— G, Morgan. 


ScHEARER, W. S. Ainhum. Brit. J. Radiol. 
Jan., 1944, ^ 7 , 25. ’ 








illustrated with a roentgenogram. The fifth 
toes on both sides were greatly swollen and 
constricted at the base as if a tight ligature had 
been tied around each one. The shafts of the 
first phalanges of the fifth toes were narrowed 
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and the second and third phalanges of the 
fourth and fifth toes were fused. The cause of 
this disease is unknown. It occurs usually in 
dark races and the essential feature is con- 
striction of the base of the small toe, and is 
almost always bilateral. The name comes from 
a native word meaning to saw or cut . — Audrey 
Q. Morgan. 

GENERAL 

Baylin, George J. Body section roentgeno- 
graphy. South. M. y., August, 1944, S 7 , 
418-424. 

The author, in a well-arranged and excel- 
lently illustrated presentation, considers the 
application of body section roentgenography 
for the elucidation of lesions which are obscure 
or impossible of detection by conventional 
roentgenographic methods. He has found the 
procedure especially useful in demonstration of 
post-thoracoplasty cavity, bronchial turnons, 
bronchiectasis, the temporomandibular joint, 
tumors of the larynx and nasopharynx. He has 
been able to show sequestra in osteomyelitis of 
the femur when conventional methods failed 
because of density of bone, and he has obtained 
lateral roentgenograms of the thoracic spine 
free from objectionable shadows of superim- 
posed parts. He concludes that the method has 
a definite and firmly established place in the 
roentgenologist’s armamentarium . — Angus K. 
Wilson. 

Valls, Jorge E., and Schajowicz, Fritz. 
Tuberculosis muscular hematogena. (Hema- 
togenous muscle tuberculosis.) Rev. orlop, y 
t 7 -aunjatol..i Jan., 1944, /J, 158-173. 

Tuberculosis in muscle is generally secondary 
by direct propagation from bones, joints, 
tendons, etc. Its hematogenous transmission 
from foci at a distance is rare and a true pri- 
mary tuberculosis of muscle can be brought 
about only by direct inoculation. Only a few 
cases of hematogenous tuberculosis have been 
described and those mostly in the Gennan and 
Italian literature. This is probably because the 
disease is better known in those countries and 
it is doubtless often overlooked in countries 
where the picture is not known. 

For this reason the authors give a detailed 
description of a case in a young woman of 
twenty-three who was admitted to the hospital 
with the picture of pulmonary tuberculosis. 
The right shoulder joint showed moderate 


muscle atrophy, limitation of movement and 
pain on movement of the arm. An abscess de- 
veloped in the upper part of the arm and 
opened spontaneously. Later pain developed in 
the sacroiliac joint and a tumor of the anterior 
surface of the left arm. This tumor was op- 
erated on and proved to be a caseous mass in 
the mu'scle. Histopathological examination and 
animal inoculation proved it to be tuberculous. 
A photograph of the specimen and micro- 
photographs of the histopathological findings 
are given. 

Diagnosis of tuberculosis of muscle is difficult 
and is generally made only on operation. 
Treatment is surgical and cure can generally be 
brought about by removal of the foci even 
if they are multiple. Some authors recommend 
postoperative roentgen therapy. If the local 
condition of the focus and the patient’s general 
condition do not permit of operation, evacua- 
tory puncture, roentgen therapy and general 
treatment may be used. The prognosis of the 
solitary form is good; that of the generalized 
form depends on the condition of the original 
lesion and the patient’s general health. — 
Audrey G. Morgan. 

Colvin, S, H., Jr., Gore, Ira, and Peters, 

Michael. A case of histoplasmosis (Darling) 

with autopsy Am. J. M. Sc., March, 1944, 

207i 378-385. 

A study of the literature and a review of their 
own case leads the authors to conclude that 
histoplasmosis may be suspected when a patient 
presents continued fever, leukopenia, spleno- 
megaly, hepatomegaly, anemia, lymphaden- 
opathy, skin lesions and gastrointestinal ulcera- 
tion. Clinically, however, the last three features 
were not present in this case, a colored male, 
aged twenty-three, whose occupation was a la- 
borer and whose home was in Alabama. The 
diagnosis was not made before death and this 
has led the authors to point out several critical 
steps that may be taken in establishing a diag- 
nosis. The more common diseases must be ruled 
out before considering the rarity. In the present 
case the clinical picture was confused by a 
roentgen diagnosis of miliary tuberculosis with 
which the finding of nine specimens of sputum 
negative for acid-fast organisms was not incom- 
patible. It is thought that fungus was probably 
present in the sputa of this patient and if 
suspected could have been demonstrated by 
smear or culture. Again, more careful blood 
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studies, cultures, or bone marrow examination 
could have led to an ante mortem diagnosis as 
made in some of the previously reported cases. 
Biopsy of enlarged IjTnph nodes or of granulo- 
matous skin, nasopharyngeal or gastrointestinal 
lesions constitutes the remainder of the diag- 
nostic anuamentarium. 

The presence of anemia and leukopenia in 
histoplasmosis may be beautifully explained by 
the bone marrow findings in the present case as 
a quantitative reduction of the hematopoietic 
marrow by multiple granulomatous lesions 
which displace it. The presence of rather 
marked marrow hyperplasia between the 
granulomatous foci would speak against any 
marked toxic effect of the systemic infection. 

Culturally the fungus grows as a yeast at 
37°C., and produces mycelia with aerial hyphae 
at room temperature. Experimentally both 
fonns are pathogenic but the mycelial form 
reverts back to the yeast form in tissues. — 
James J. McCort. 


ROENTGEN AND RADIUM THERAPY 

Ira I. Kaplan, One year observations of the 
treatment of cancer with avidin (egg white). 
^m. J. M. Sc., June, 1944, 207, 733-743- 

This article is the report of a clinical test 
based on the hypothesis that cancer cells re- 
quire biotin for their metabolic function and 
that egg white might seriously interfere with 
the vital function of malignant cells and thus 
bring about their destruction. This hypothesis 
was based on the observation of the close in- 
fluence of biotin on cellular growth and that 
egg white or, more precisely, its constituent 
avidm, possesses the ability to deprive the 
human system of biotin and thus possibly 
inhibit the influence of biotin on abnormal cell 
growth. In the experiments carried out each 
patient ate 36 to 42, egg whites per day with a 
general diet as free as possible from food rich in 
biotm along with a daily supplement of acces 
sory vitamins and minerals. No untoward 
effects resulted from this diet and, as a whole 

Patient was 

markedly improved. 

rhf given in some of which 

the malignancy showed a slight regression nr 

retarded. The cases selected were thnsp rt,.,r 

S H chnicall? identi 

fied and the changes, if any, readily recognized. 


All cases were proved by pathologic study to be 
malignant. 

The author states that as yet no definite cure 
of cancer has been effected by the use of egg 
white therapy as employed in this selected 
group of cases. He feels that as the diet given 
contained substantial quantities of milk which 
may have been a source of readily absorbable 
biotin this may have been one reason for the 
unfavorable results obtained. J'hey were un- 
able to produce a biotin deficiency in any of 
their patients. It is thought that an attempt 
should be made to improve the method of treat- 
ment with vitamins so as to balance the diet to 
such a degree that on the addition of avidin 
a biotin deficiency would be created. — James 7 
McCort. 




-- - — •J 

Richard W. A note on irradiation sic 
yim. J. M. Sc., July, 1944, 20S, 46-54. 

This work was inspired by the discovery that 
the behavior of the urinary pigments and the 
codehydrogenases i and n following irradiation 
of the upper abdomen over the spleen re- 
sembled that In severely ill pellngr., pntlents. 
Roentgen sickness is taken to include the 
nausea, vomiting, headache, cramps and diar- 
rhea which complicate the course of therapeutic 
irradiation. It was planned to make a com- 
prehensive investigation of the effect of a 
standard dose of radiation on normal well fed 

S^whh"^''^ ^ deficient 

diet, with and without supplements of some of 

the vitamins ,n which the diet was deficieiU 

and upon pellagrins and upon persons whose 

Kealth without other 
sti^ata of a specific deficiency syndrome 
The radiation was given in all instances after 

were administered from ,n distance 

■'S'trg a Thoraeus filter, MoTv " „ “ “ '”,'- 

n.te of 33 roentgens per minntt’, ’ 

the aydrome ofirradiation " "'.“""•‘"I W 

degrees of severity occurred ''“tying 

(3) roentgen therapLTdlLtptLt 
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effects after nicotinic acid had been given 
during the last six weeks of a period of more 
than three months on the controlled diet but a 
week after the nicotinic acid supplement was 
discontinued the same amount of irradiation 
produced the characteristic reactionof roentgen 
sickness. 

In all the cases studied there was a rough but 
by no means exact correlation between the 
severity of the reaction and the degree of 
vitamin depletion as gauged clinically. 

Chemical studies showed there was no 
significant change in the blood level of biotin, 
pantothenic acid, riboflavin, or nicotinic acid. 
There was a fall in the cozymase and an in- 
crease of the glutathione level. The significance 
of this remains obscure. 

It was concluded from these studies that the 
optimum time for vitamin therapy is before and 
not after the syndrome of irradiation sickness 
appears and that such therapy is essentially 
preventive in nature. The authors suggest that 
the basic disorder in roentgen sickness is a 
disturbance in respiratory enzyme system and 
point out the fact that since nutrition is often 
deranged in persons needing radiotherapy, 
the use of careful dietary and vitamin therapy 
is logical, if on empiric grounds alone . — James 
J. McCort. 

Lederman, M., Clarksok, J. R., and Mav- 
NEORD, W. V. Rectangular teleradium fields. 
Brit. J. Radiol., April, I944, 17, 115-118. 

Radium treatment is less readily manageable 
than roentgen treatment because of the fixed 
amount of radium and the fixed filtration and 
because few units are constructed so as to 
permit of variations in radium-skin distance or 
in the shape and size of fields. The authors 
chose certain rectangular fields to be used in 
the treatment of cancer of the head and neck. 
The applicators were made in a rectangular 
form and the dose contours measured by using 
a number of small condenser chambers exposed 
at the same time. The doses at given points in 
such fields can be measured by using the dose 
finder or the directional caliper. Illustrations 
of the apparatus and diagrams of its method of 
application are given . — Andrey G. Morgan. 

Coin, Lowell S. Low-voltage contact ir- 
radiation therapy; further experience. Ra- 
diolog}’, March, 1944, 42, a4i'-a45. 

Five years ago the author discussed the basic 


principles of contact radiation therapy and 
outlined its uses. He now brings his experience 
with the method up to date. The essential 
conditions in the treatment are a short distance 
between the surface and the source of the 
radiation resulting in the absorption of a large 
amount of the energy in the first few centi- 
meters of tissue. The depth dose is low. Con- 
sequently the treatment must be used for more 
or less superficial lesions and Is not adapted for 
the treatment of deep-seated tumors. 

He uses the Philips Metalix contact therapy 
unit, 50 kv., 2 ma.; the filtration varies from 
none at all to 2.5 mm. aluminum, i.o aluminum 
being used most commonly. The total anode 
surface distance is 22 mm., maximum 42 mm. 

He discusses his use of this treatment in 
papillomas, keratoses, small keloids, small 
superficial hemangiomas, carcinoma of the 
bladder and epithelioma of the lip and skin. 
Very large doses can be given, much larger than 
in ordinary high voltage roentgen treatment. As 
a matter of fact the value of a roentgen in this 
method is probably different from that in other 
types of roentgen therapy so the doses are not 
comparable . — Audrey G. Morgan). 

Butler, Carlos. Cancer de la mama; trata- 

miento y resultados. (Cancer of the breast; 

treatment and results.) Radiohgta, Jan.-Apr., 
i944> A 1-27- 

Early treatjnent is particularly necessary In 
cancer of the breast because metastases appear 
early on account of the abundant lymphatic 
network of this organ. Therefore a campaign of 
education of women must be carried on so that 
they will go to a physician at once on the ap- 
pearance of any tumor or any other suspicious 
sign. Such a campaign is being carried on and 
the number of cases coming for treatment in an 
early stage is increasing but still a great many 
cases come after the stage in which cure is pos- 
sible has passed. 

The author discusses 486 cases seen at the 
Radiological Institute in Montevideo. Of these 
187 were in the first and second stages and 299 
in the 3d, 4th and 5th stages; 374 had metas- 
tases and 1 12 did not; 420 cases were treated 
and 66 were beyond treatment. The best treat- 
ment is preoperative roentgen therapy, the 
technique of which is described in detail, fol- 
lowed after six to eight weeks by Halsted’s 
operation with the electric bistoury, and this in 
turn after about two months by postoperative 
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irradiation. This treatment should be given in 
centers with a specially trained personnel and 
all the equipment necessary for carrying it out 

effectively. _ /• r i 

The results are given in detail; 2.06 of the 
patients are dead. Of the patients with metas- 
tasis given combined roentgen-surgical treat- 
ment 53.3 per cent were cured for one to seven 
years, 33.3 per cent for more than three years 
and 13.3 per cent for more than five years. Of 
those without metastasis treated in this way 
66.7 per cent were well for one to seven years, 

50 per cent for more than three years and 33-3 
per cent for more than five years. 

If all cases could be brought to treatment in 
the first stage of the disease there is no doubt 
that these figures could be greatly improved. 
Audrey G. Morgayi. 

Puente Duany, N., Canizares, Ratael, and 
Fonts Abreu, Ernesto. Cancer de la mama; 
tratamiento y resultados lejanos. (Cancer of 
the breast; treatment and late results.) 
RadiologtOy Jan.-Apr., 1944, 7, 28-37. 

The authors discuss 60a cases of cancer of the 
breast seen from 1924 to 1937- Of these joo 
have been followed up and have remained well 
for five years or more, 260 died and the rest were 
lost sight of. The results since 1930 have been 
much better than those before that time as they 
have had more adequate roentgen equipment 
and surgeons better trained in cancerology. 

Various factors influence the prognosis, chief 
among which perhaps is early treatment; if 
cases could be brought to treatment in Stage i 
before there are axillary metastases the results 
could be improved greatly; correct diagnosis is 
of course essential and the treatment of the pa- 
tient in an adequately equipped center. Treat- 
ment is more effective in older patients than in 
young ones. Unknown biological factors in- 
fluence the degree of malignancy of different 
types of cancer. The scirrhous forms and also 
the colloidal forms develop slowly. Paget’s dis- 
ease and tumors originating in the excretory 
ducts show a comparatively favorable course. 

The treatment used in these cases was 
surgery followed by roentgen therapy. Radical 
operation was performed in the majority of 
cases, simple mastectomy in some. 

Until the cause of cancer of the breast is dis- 
covered the only way of improving the results 
of treatment is by early operation. The govern- 
ments of all civilized countries should establish 
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institutes of preventive medicine in all cities 
and all citizens more than forty years of age 
should be obliged to go for examimation twice, 
or at least once a year, and special attention 
should be given to examination of the bi easts 
and uterus in women. The best treatment of 
cases in Stage 1 should be studied more care- 
fully and patients kept under observation for 
ten or fifteen years instead of the usual five 
vears, for recurrences and metastases are often 
observed after that time . — Audrey G. Morgan. 

Carvalho, Nelson. Cancer do seio. Trata- 
mento. Resultados. (Cancer of the breast; 
treatment; results.) Radiolog'ia, Jan.-Apr., 
i944> A 38-62. 

The author insists on the value of a stand- 
ardized classification of the different stages of 
cancer of the breast and the working out of the 
best plan of treatment for each stage. He de- 
fines the stages according to Steinthal’s classifi- 
cation. Surgical treatment alone is effective in 
Stage I, but only about ro per cent of the pa- 
tients come for treatment during this stage. In 
this stage the cancer is limited to the mammary 
gland but this must be proved by microscopic 
examination. If the axillary glands have already 
become invaded whenthe patient first comes for 
examination, Which occurs in 90 per cent of the 
cases, preoperative irradiation should be given 
to devitalize the cancer cells, followed by radical 
operation and postoperative irradiation. The 
results obtained by surgery alone can be im- 
proved by 60 per cent by using combined roent- 
gen therapy and surgery. In advanced cases 
irradiation alone should be used. Though the 
results are only temporary they do prolong life 
and render the patient’s life much more toler- 
able. 

Removal of the ovaries cannot be recom- 
mended as a routine treatment but improve- 
ment is brought a out by sterilization in many 
cases with bone metastases. Each case should 
be s^died carefully and thoroughly before 
sterilization is advised. 

A discussion is given of 71 of the author’s 
own cases which have been under observation 
for three years. In 68 per cent of these cases 
three year survival free of symptoms was 
brought about by combined surgical and roent- 
gen treatment, while surgery alone applied to 
the same class of cases does not result in more 
toan 25 per cent three year survivals . — Audrey 
G, Morgan. 
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Guzman, Leonardo. Tratamiento de los 
canceres del pecho y sus resultados. (Treat- 
ment of cancer of the breast and its results.) 
Radiologia, Jan .-Apr., 1944, 63“76- 

The types of cancer of the breast are many 
and varied. Photomicrographs of a number of 
the forms are given, showing the marked dif- 
ferences in their cell structure. There are also 
many factors involved in their causation. Prac- 
tically all of the endocrine glands have an 
action on the breast and in addition to that 
there is the factor of hereditary predisposition. 
It was formerly believed that cancer is at first 
a local disease that later becomes generalized 
through the blood or lymphatic circulation. It 
is now known to be a general disease that be- 
comes localized in organs that are deficient or 
predisposed for some reason. 

A very important point in prognosis is 
whether the axillary glands have become in- 
volved or not. But 15 per cent of glands that 
can be palpated are found to be free of cancer 
on microscopic examination and in the same 
percentage of cases there are microscopic 
changes in glands that could not be palpated 
before operation. 

Other factors that may be involved in the 
causation of cancer of the breast are the effect 
of milk from a cancerous mother, retention of 
milk which becomes sour and brings about 
changes in the cells with which it comes in 
contact; toxic factors from liver disease or 
chronic constipation or from such diseases as 
tuberculosis and syphilis; all these factors may 
cause different types of tumor, depending on 
which of them act together at a given time on a 
breast that possibly already has an inherited 
susceptibility. 

At present all these varied types of cancer are 
treated in the same way and that is probably 
one cause of the poor results obtained. It is to 
be hoped that further study will show what 
types of cancer can be treated by certain hor- 
mones or their antagonists, which may be 
cured by action on the pituitary gland or 
ovaries, which require surgery, which can be 
treated by antitoxins, etc. A brief review is 
given of the treatment at present advocated for 
different clinical types of cancer of the breast. 
Audrey G. Morgan. 

Frangella, Alfonso. Consideraciones sobre 
la roentgenirradiacidn del cancer de la mama- 
(Roentgen irradiation of cancer of the 
breast.) Radiologia Jan.-Apr. 1944, 7 , Trl 9 ‘ 


Up to 193a the author used the classical 
technique of Wintz in the treatment of cancer 
of the breast at the Radiological Institute of 
Montevideo but since that time he has used 
Holfelder’s technique because it is better 
adapted to the anatomy of the breast and being 
given tangentially spares the lungs and pleura. 
Four fields are used, two 20X24 and the other 
two 15X20 or 10X15 cm. The two larger 
fields extend from the posterior axillary line to 
the sternal line and the smaller ones also en- 
circle the breast but extend only from what he 
calls the mammary axillary line to the mam- 
mary sternal. The fields are irradiated in turn 
beginning with doses of 330 r and decreasing to 
300, 270 and 240, with a total of 4,500 to 6,000 r 
depending on the size of the breast and the 
intensity of the biological reactions. In ulcera- 
tive or infectious cases, large doses cannot be 
given at first because they cause violent in- 
flammatory reactions; a dose of 50 r is given at 
first, increasing to 100 and 150 r, and when the 
field is cleansed the larger tumor doses are 
given. In young women the preoperative ir- 
radiation is given in ten to twelve days, the 
total dose being not more than 3,500 to 4,000 r, 
in order to avoid very intense biological re- 
actions; the surgeon can operate in three to four 
weeks. 

Postoperative irradiation should not be used 
as a matter of routine but only in cases of great 
malignancy and ones in which the axillary 
glands are invaded. Postoperative irradiation 
has been called prophylactic but the author does 
not find that it is so. It is, however, very effec- 
tive in irradiating involved glands which are 
more sensitive to irradiation than the original 
tumor of the breast. 

Irradiation is the only effective method of 
treating generalized bone metastases. Large 
fields of 50 sq. cm. are used, with doses of about 
JO r per day when localized fields are used and 
15 to 20 r per day for generalized irradiation. 
These small doses have a very active effect on 
the blood picture and the platelet count may 
be used as a guide to dosage. The intense pain 
is quickly controlled and though the results are 
not permanent, the author has had patients 
who survived three and four years. — Audrey G. 
Morgan. 

Caprio, Gerardo. Tratamiento radio-quirur- 
gico del cancer de la mama. (Radio-surgical 
treatment of cancer of the breast.) Radio- 
logta, Jan.-Apr., 1944, 7, 80-85. 
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In the treatment of cancer of the breast in 
patients from forty to sixty years of age, the 
author advocates surgery alone in cases that 
are in Stage i both cbnicaWy and pathologically. 
In cases that are in Stage 1 clinically but jn 
Stage 11 pathologically — that is, with micro- 
scopic involvement of the axillary glands, 
surgery and prophylactic postoperative irradia- 
tion. In cases that are in Stage n clinically and 
pathologically, preoperative irradiation, radical 
mastectomy and postoperative irradiation. In 
cases in Stage in irradiation alone or in some 
cases simple mastectomy or electrocoagulation 
for cosmetic reasons. 

In young women less than thirty-five years 
of age, the results of surgery alone have been 
discouraging. It is possible that they can be 
improved by radiotherapy. Teleroentgen ther- 
apy offers new possibilities. He does not advo- 
cate castration in young women because he 
thinks the bad psychic effects more tlian offset 
the advantages. 

Radium treatment is complex and costly and 
roentgen therapy is to be preferred . — Audrey G. 
Morga?!. 


Terrizzano, Manuel F., and Terrizzano, 
Arturo J. M. La castracion en el tratamiento 
radiante del neo del mama. (Castration in the 
radiation treatment of tumors of the breast.) 
Radiologta, Jan.-Apr., 1944, 7, 86-89. 

The sex hormones tend to stimulate the 
growth of cancer cells due to the presence of the 
phenanthrene group which is also the cancer- 
produping element in cholesterol and tar. The 
authors therefore advocate sterilization in the 
treatment of cancer in young women. Pre- 
operative irradiation of the cancer is given on 
alternate days with a dose of 400 r, giving a 
total of 1,600 r in eight days. On the intervening 
days the ovaries are irradiated from anterior 
and posterior fields with the same dosage. This 
is followed after about thirty to forty days by 
removal of the breast by Halsted’s operation. 
Then after twenty-five to thirty days post- 
operative irradiation is given up to a total of 
4,500 to 5,700 r in a month. 

The authors have been using this method 
with good results in young women for the past 
five years. The clinical symptoms caused by the 
castration have not been severe and have been 
controlled by roentgen stimulation of the an- 
terior hypophysis . — Audrey G. Morgan. 


CiFARELti, Francisco P., and Pujadas, 
Amador A. Sobre los resultados de la roent- 
genterapia del cancer mamario. (Results of 
roentgen treatment of cancer of the breast.) 
Radiologta, Jan.-Apr., 1944 > 7 ) 9 °“ 92 -- 
The autliors use a Stabilovolt-Siemcns ap- 
paratus, 180 kv., filter of 0.5 mm. copper and 
I mm. aluminum, distance 40 cm. In operated 
cases they use Wintz’ technique, giving a dose 
of 350 r per day up to 1,750 r. In non-operated 
cases they use tangential irradiation, increasing 
the dose and the filter. 

Among 1 51 cases they have treated, only 15, 
or 9.93 per cent, w'ere in Group 1; 106, or yo.a 
per cent, were in Group n, and 30, or 39.8 per 
cent, in Group ni. Roentgen therapy alone was 
used only in Group 11 1. In Groups i and n 
surgery and postoperative roentgen tljerapy 
were used. They have only recently begun using 
preoperative irradiation and so do not consider 
it in their results. 

A)) of t)ie patients in Group j are living, .some 
of them after seven and eight years. Among 
those of Group n 50 per cent are alive after four 
years, and half of these or more than five years. 
They have not been able to get reports on some 
of the cases of Group in and those from whom 
reports were received were in bad condition. 

No changes were seen in the lungs in any of 
the cases resulting from irradiation. Recur- 
rences were treated with roentgen therapy or 
surgery with good immediate results. They ad- 
vocate roentgen castration in young patients. 
— Audrey G, Morgan. 

Binnie, George G. Regression of tumours 
following treatment by stilboestrol and x-ray 
therapy, with notes on a case of breast 
tumour which regressed with stilboestrol 
alone. Brit. J. Radiol., Feb., 1944, 77, 42.45. 

The author describes 3 cases in which malig- 
nant tumors of the breast were treated ivith a 
combination of stilbestrol and roentgen ir- 
radiatioii_ with good results and a fourth in 
which stilbestrol was used alone, also with 
marked improvement. This last case was not 
proved by biopsy to be malignant but he thinks 
nancy ^ ^ scirrshus of low malig- 

The value of stilbestrol in carcinoma of the 

^en Pi^oved and though his cases 
enTlf Relieves it will prove 

't- The majority of patients toler- 
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ate doses of 6 to 10 mg. stilbestrol daily over a 
long period without any ill effects except nausea 
and in some women menorrhagia. With con- 
tinuation of the treatment, the menorrhagia 
tends to decrease. Some patients have a feeling 
of well-being in spite of the nausea and many 
show an increase in weight. The carcinogenic 
action of stilbestrol need not be considered as 
the patients already have advanced carcinoma. 
Radium has a very powerful carcinogenic ac- 
tion but no one hesitates to use it in the treat- 
ment of carcinoma. In all of the author’s cases 
except the first one the treatment has extended 
over several months. 

The number of cases is not large enough to 
justify definite conclusions but the author 
thinks it worth while to report them to stimu- 
late further trial of the method . — Audrey G. 
Morgan. 

McNattin, Robert F. Treatment of osteo- 
genic sarcoma with preoperative roentgen 
radiation in large doses. Radiology, March, 
1944, 42, 246-248. 

Early surgery has not proved effective in 
bone sarcoma. From a study of the literature 
and his own series of 8 cases, described here, the 
author concludes that the best treatment is 
preoperative irradiation followed by surgery as 
soon as the first signs of irradiation necrosis ap- 
pear. He gives a long series of high voltage 
roentgen treatments using 200 kv (peak.), 0.5 
mm. copper and i.o mm. aluminum filter, half- 
value layer 0.9 mm. copper, distance 60 to 70 
cm. Multiple fields over the lesions are treated, 
one field daily with 250 to 300 r measured in air. 
Sixty to 1 40 treatments are given. 

The delay of amputation due to this long 
series of treatments does not increase the proba- 
bility of distant metastases. If a metastasis be- 
comes manifest within six months, after the 
beginning of treatment it already existed before 
treatment was begun. Biopsy is always contra- 
indicated. Osteogenic sarcoma of bones other 
than those of the extremities should be treated 
lore conservatively as severe irradiation ne- 
crosis may be dangerous . — Audrey G. Morgan. 

Livingstone, J. L., Brock, R. C., Roberts, 
Ffrangcon, Dobbie, J. L., and Harnett, 
W. L. Treatment of carcinoma of the lung; 
symposium. Brit. S. Radiol., April, 1944, 
101-109. 

Livingstone emphasized the fact that in defi- 


nite carcinoma of the lung the outlook is always 
fatal; but bronchial adenoma is frequently 
mistakeh for carcinoma. He has one such case 
in which a fatal prognosis was given in 1932 
and the patient is still alive and well. Bronchial 
carcinoma is quite common in men and so far 
irradiation has been palliative only. The only 
hope of improving the results is by early and 
accurate diagnosis. Tuberculosis must be ex- 
cluded. He has found that cases with bronchial 
obstruction and infection do not do well under 
radiotherapy and he does not feel that the im- 
provement brought about by intrabronchial 
radon compensates for the discomfort caused. 
He finds radiotherapy particularly useful in the 
following conditions: In a mediastinal mass 
which may be Hodgkin’s disease or oat-celled 
carcinoma a rapid decrease in size may be 
diagnostic; in peripheral tumors, especially 
when there is great pain; in localized secondary 
growths in the chest; in postoperative treat- 
ment after removal of carcinoma of other 
organs. 

Brock says that the only hope of successful 
treatment for these patients is surgery. The 
best method is removal of the whole lung and its 
lymphatic glands by dissection. Lobectomy is 
incomplete but may be used in elderly patients 
in whom total removal of the lung would be too 
great a risk. He believes the latter operation 
can be performed in about 10 per cent of pa- 
tients with bronchial carcinoma. He has per- 
formed the operation in 32 cases and 9 of the 
patients died of the operation, a mortality of 
28 per cent. This includes his early cases in 
which he was experimenting more or less and 
also includes patients over sixty years of age in 
whom the operation is particularly dangerous. 
In reasonably favorable cases the mortality 
should not be more than 15 per cent. Among 
the 23 patients who survived the operation 
there was recurrence in eight. The length of 
survival in other cases has been up to four and 
a half years. Graham reports a patient who is 
alive and working ten years after operation. 
These patients can do anything but very heavy 
Avork after operation. 

A very small tumor may cause a large opacity 
in the roentgenogram, which makes it difficult 
to determine dosage in roentgen therapy. • 
Roberts disagreed with Brock ivith reference 
to the usefulness of surgery and the uselessness 
of radiotherapy. He points out that Brock’s 
OAvn reported mortality ivas high and says 
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there is no justification for Brock’s statement 
that radiotherapy hastens death. He takes 
exception to Brock’s pointing out the conditions 
under which radiotherapy should be used and 
says that that is the province of the radio- 
therapist and not the surgeon. The latter has 
only to decide whether he shall operate or not. 
He' considers radiotherapy from the point of 
view of relief of symptoms, prolongation of life 
and possibility of cure. Even in advanced cases 
there may be considerable relief of symptoms. 

It is hard to estimate the degree of prolongation 
of life as large series of cases must be considered 
and each physician or clinic has only a small 
number. In considering the possibility of cure 
the characteristics of bronchial carcinoma must 
be known. A very small rumor may cause a very 
great disturbance of general health and there 
is a marked tendency to early dissemination by 
the blood stream. He formerly used large fields 
but now uses a double ring of small fields, four 
in the inner ring and eight in the outer, with a 
general design somewhat like that of a Tudor 
rose. With i,aoo r given to each field the total 
dose may be 28,800 r or even larger. The largest 
possible dose should be given with the least 
possible general disturbance. There are no 
satisfactory figures for depth doses to the lungs. 
He is now working on the problem. He does not 
expect any substantial improvement in results 
from either surgery or irradiation. Any improve- 
ment must come from fundamental research 
and the results will probably be long in coming. 

Bobbie reported 170 cases treated by ir- 
radiation at the Christie Hospital and Holt 
Radium Institute from 1935 to 1942. These 
patients were younger than the usual cancer 
patients, 9 per cent of them being between 
thirty and forty. Pain and hemoptysis are the 
most constant symptoms. He recommends 
greater use of tomography in diagnosis. He has 
found bronchoscopy disappointing. Seventy per 
cent of these tumors were anaplastic. These 
tumors are unsuitable for surgery. Palliative 
treatment was given in in cases, necessarily 
with large fields. Twenty-six per cent of these 
patients lived for more than six months, in some 
cases with striking symptomatic relief. There 
was some degree of relief in 40 per cent of the 
cases. The radical treatment is based on the 
assumption that many of these tumors are quite 
small and a large dose is given to a small volume 
of lung tissue around the tumor. A dose of 6,000 
r in five weeks or an equivalent dose at shorter 


intervals is prescribed, but too little is known 
of depth dosage in lung tissue and when a more 
thorough knowledge of this subject is available 
the results will probably be better. The author 
lias not found these large doses harmful to the 
patients. Fifty-nine patients were treated by 
this method; n are alive and 48 dead. Among 
the dead patients 21 per cent survived for a 
year or more. 

Harnett, wlio is Medical Secretary to the 
Clinical Cancer Research Committee of the 
British Empire Cancer Campaign, reports that 
out of 15,200 ca.ses of cancer registered in the 
seventeen months up to September, 1939, there 
were 1,023 cases of primary bronchial carci- 
noma. The ratio of males to females was 4.6 to 
j, and the average age was 55.9 years for males 
and 57.7 for females. The cases of bronchial 
carcinoma constituted 11.5 per cent of all cancer 
cases in males and 2.3 per cent of those in 
females. Fifty-nine per cent of these cases were 
so far advanced when first seen that they were 
only suitable for palliative medical treatment 
and 12 per cent were given palliative surgical 
treatment. Exploration of the chest was made 
in 5 per cent of the cases but only 1.5 per cent 
were found suitable for pneumonectomy; 20 per 
cent were treated with deep roentgen therapy 
w'hile 1.4 pe^ cent and 2.3 per cent were given 
intrabronchial radon and interstitial radon 
treatment respectively. The average duration 
of the disease in the whole series counting from 
the time when the first symptoms were noticed 
to death was 10.2 + 0.3 months. Taking only 
the 294 cases in which the disease was judged 
to be still local the average duration of life was 
13-3 months in males and 14.1 months in 
females. A table is given showing the survival 
rates in treated and untreated patients.-— 
Audrey G. Morgan. 

Douglas, S. J. Cancer of the lip. Brit. J. 

Radiol., June, 1944, ^7, 185-189. 

The author reports 71 consecutive cases ot 
wncer of the hp treated at St. Anne’s Hospital, 
Dublin, during the year 1939. The incidence of 
cancer of the hp is high in men engaged in 
farming and other outdoor occupations, prob- 
, ably because of the frequency of oral sepsis, 
prevalence of ^pe smoking and exposure to 
wind and sun The average duration of symp- 
toms before these patients came for treatment 
was eight months, and m some cases as long as 
ve or SIX years. It is important that the public 
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be instructed to come for examination at once 
when any lump, scaly patch or ulcer appears on 
the lip. Also that medical students be taught 
the early appearance of cancer of the lip. Many 
physicians believe that cancer of the lip is 
shown only by a large fungating ulcer. If the 
disease is allowed to reach this stage treatment 
is almost hopeless. 

Of these cases i6 were treated by radium im- 
plantation and 46 by contact roentgen therapy. 
Of those treated by radium 6 were alive and free 
of disease when last seen. These cases are par- 
ticularly adapted for contact roentgen therapy. 
A total surface dose of 8,000 r is given in ten 
daily doses of 800 r each, treatment being 
given five days per week. Details of the tech- 
nique are given. Of these 46 cases 37 are alive 
and well three years after treatment. 

The best treatment for gland metastases is 
block dissection followed by treatment of the 
primary lesion. Among the whole 34 cases that 
showed adenopathy in this group 18, or 53 per 
cent, are alive and free from disease . — Audrey 
G. Morgan. 

Kaplan, Ira I. Hemangioma of the elbow suc- 
cessfully treated with radium at an early age. 
Am. 7. Bis. Child. May, 1943, ^5, 785-787. 

Kaplan reports the case of a patient with a 
hemangioma of the elbow which was treated 
at an early age, ten weeks. The treatments were 
given at intervals for a period of eleven months 
and the patient was followed for a period of nine 
years. At the time of her last observation the 
lesion was completely healed and there was no 
impairment of articular function. There was 
also no evidence of involvement of bone nor of 
impairment of epiphyseal growth or of any 
discrepancy in length of the bones of the treated 
arm. The radium had been applied directly 
over the elbow joint, opposite the epiphysis 
where effects of radium application on the bone 
are most likely to be noted. Kaplan concludes 
that fear of adversely affecting growing bones 
in children with radium therapy are fallacious 
if irradiation is properly and expertly ad- 
ministered. — R. S. Bromer. 

Beilin, David S. Clinical features, diagnosis, 
and treatment of carcinoma of the colon and 
rectum. Radiology, June, 1944, 42, 539~544- 

A series of 117 cases of carcinoma of the colon 
and rectum is discussed, the oldest patient 


being eighty-four years of age and the youngest 
thirty-two; average sixty years. There were 60 
females and 57 males. 

Of these taimors 9 per cent were in the cecum, 
7 per cent in the ascending colon, 2..4 per cent 
in the hepatic flexure, ii per cent in the trans- 
verse colon,^ 8.5 per cent in the splenic flexure, 
10 per cent in the descending colon, 22 per cent 
in the sigmoid, 22 per cent in the rectosigmoid, 
and 5.9 per cent in the rectum. These figures 
show that almost half of the cancers of the large 
bowel are in the pelvic colon. 

The most prominent symptom of these 
cancers of the large bowel is pain, which may 
or may not be colicky in nature, with diarrhea 
or constipation. There is often anemia, weak- 
ness, loss of weight and a palpable tumor. The 
average duration of symptoms when the patient 
came for treatment was about eight months. 

There are no pathognomonic symptoms of 
this condition but the majority of cancers of the 
rectum and sigmoid can be diagnosed by careful 
manual and proctosigmoidoscopic examination 
and the greater part of those proximal to the 
rectosigmoid can be diagnosed by roentgen 
examination and the localization determined. 

The preferred operation in cases of cancer of 
the rectum and rectosigmoid is abdominoperi- 
neal resection; in those higher up the operations 
performed were Mikulicz’ resection, short- 
circuit operation, palliative cecostomy or 
colostomy, or resection with permanent colos- 
tomy. The results depend pairtly on the extent 
of the disease and partly on the skill of the 
surgeon . — Audrey G. Morgan. 

Melbin, M., and Stenstrom, K. Wilhelm. 

Results of treatment of 173 cases of carci- 
noma of the rectum. Radiology, June, 19445 
545-549- 

Eight per cent of all cancers are in the large 
bowel and half of these are in the rectum. 

The authors discuss 173 cases, 69 of which 
were treated surgically and with irradiation, 
while 104 were treated by irradiation without 
operation or with only a colostomy. Five of the 
surgical group were at first thought to be in- 
operable but they improved so much under ir- 
radiation that operation could be performed. 
One of these patients in whom the tumor had 
infiltrated the bladder lived twelve years and 
died of pernicious anemia without recurrence. 
In recent years Miles’ one stage combined 
abdominoperineal resection has been the opera- 
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tion used. Details of the roentgen therapyj 
which has varied greatly in the course of years, 
are given. Local radium therapy is generally 
given after the external roentgen irradiation is 
completed. 

Among the patients treated surgically the 
five year survival rate was 34 per cent, whde 
among those without surgery or merely a 
colostomy it was 5 per cent. 

Adequate irradiation of cancer of the colon is 
not merely palliative. The mean life expectancy 
of untreated cancer of the rectum from the be- 
ginning of symptoms to death has been reported 
as fourteen months. The patients in this series 
treated by irradiation without operation showed 
an average length of life of twenty-one months. 
In a small number of cases cures are brought 
about by irradiation alone . — Audrey G. Morgan. 

Borak, J. Theories on the effectiveness of 
roentgen therapy in inflammatory conditions. 
Radiology, March, 1944, 42, 249-254. 

Since 1926 it has been known that roentgen 
therapy has a favorable effect on inflammatory 
conditions even in the most acute stage if very 
small amounts are given. A dose of moderately 
filtered rays of from 50 to 1 50 r has proved very 
effective in many inflammatory conditions 
caused by streptococci and staphylococci, 
gonococci, pneumococci and meningococci. The 
small dose and the rapidity of its action are the 
most striking features of this treatment. 

This effect has been attributed to a direct 
bactericidal action of the rays, to an action on 
the blood, on the exudate and on the blood 
vessels. Arguments are presented showing that 
it is not due to direct bactericidal action, or to 
action on the blood or exudate but to action on 
the blood vessels. Irradiation does not cause an 
increase of the antibodies In the blood of the 
patient but leads to a concentration of the anti- 
bodies in a definite area and for a definite time. 

It has the effect of both heat and cold but to 
a milder degree. Like heat it causes a dilatation 
of the capillaries but like cold it causes a nar- 
rowing of the arteries. Like heat it causes 
retrogression due to resorption through the 
lymphatics or perforation through the skin from 
abscess formation. Like cold it lessens the 
hyperemia and exudation. This combination of 
effects shortens the inflammatory process more 
quickly and to a greater degree than can be ac- 
complished by any other conservative method 
of treatment . — Audrey G, Morgan. 


Pool, H. H. Roentgen therapy with low dosage 
in suppurative infections. Radiology , March, 
1944, 42,^SS~''~S1- 

The usual dose of roentgen rays in the treat- 
ment of infections has been 100 r. As the chief 
action is on the leukocytes in the inflamed mea 
the autlior concluded that a lower dosage might 
be effective in cases in tvhich the inflammation 
did not recede promptly under this dosage. He 
therefore reduced liis dosage successively to 
80 r, 65 r, 50, 35 and finally 25 r. Increasingly 
better results were obtained as the dosage 
reached 50 r and below. For the past year he has 
used 25 r in most cases. Sulfa drugs can be u.sed 
in association with these lorv do.se.s without 
injuring the skin as they cannot with higher 
dosages. 

A table is given showing the treatment and 
results in 59 cases of various inflammations in- 
cluding axillary abscesses, abscesses of the jaw 
and neck, mastoiditis, carbuncles, cclluliti.s, 
erysipeloid infection, otitis media, infected 
traumatic wounds, infected operative wounds, 
abscess of the breast, styes, furunculosis of the 
ear canal, peritonsillar absce.ss, acute sinusiti.s 
and unresolved pneumonia, The author does 
not hold tltat 25 r is the optimum do.snge in 
every case but be thinks that the dose should 
not be more than 50 r and that 25 r is sufficient 
in 90 per cent of die cases. He has had excellent 
results in unresolved pneumonia, in which the 
treatment should be as in other infections, 
allowing only for depth. He has had only i case 
of infected traumatic wound but he believes 
all such cases could be more safely handled with 
prompter healing if short courses of roentgen 
treatment were given. This would result in an 
enormous saving of days for productive effort 
and much suffering would be prevented. Very 
little surgery is needed in carbuncles and abs- 
cesses with this method of treatment. Hearly 
85 per cent drained spontaneously, requiring no 
incision. Two of the patients with carbuncles 
were diabetic. The response to treatment was as 
^od as in non-diabetic cas^&.— Audrey G. 


,VAL. .vaaiation therapy for ob 

S^'Strf ly-ph nodes. A^ 

luben., Jan., 1944, 49 . 31-37. 

Enlargement of the regional tracheobronchial 
component of primary complex pulmon- 
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ary tuberculosis. Generally, such nodes shrink, 
fibrose, and calcify without producing symp- 
toms. However, not infrequently the hilar nodes 
become extremely large, compress the tracheo- 
bronchial tree, and culminate in obstructive 
emphysema, atelectasis, and bronchiectasis. 
Furthermore, a caseous node may invade the 
bronchial wall thereby producing an ulcerative 
bronchitis or may rupture into the bronchial 
lumen, resulting in a massive bronchiogenic 
tuberculous spread. 

Jones, Rafferty and Willis refer to atelectasis 
produced by tuberculous lymph node pressure 
as “epituberculosis.” They have seen 85 such 
cases over a five year period. Forty-two of their 
cases were bronchoscoped, and 17 demon- 
strated narrowing of the bronchial lumen by 
external pressure. Ten of the 42 cases died — 
attesting to the serious prognosis of the condi- 
tion. Myerson bronchoscoped 29 tuberculous 
children and 13 showed major bronchial lesions 
— 7 of which were due to lymph node pressure. 
In his adult group, approximately i per cent 
showed bronchial tuberculous lesions attribu- 
table to lymph node pressure. 

The author was unable to find a report of a 
single case of hilar tuberculous lymphadenitis 
treated by roentgen therapy. He reports the 
case of a seventeen year old colored girl who 
entered the hospital in July, 194I, with roent- 
gen evidence of a right pleural effusion and en- 
largement of the left hilar nodes. A roentgeno- 
gram in February, 1942, demonstrated definite 
narrowing of the left main bronchus just distal 
to the tracheal bifurcation. Bronchoscopic 
examination performed in July, 1942, demon- 
strated a marked widening of the carina; the 
left main bronchus was narrowed to a slit; 
and the lumen of the right main bronchus was 
compressed from without. Despite bed rest, 
dyspnea increased sufficiently to cause respira- 
tory embarrassment and wheezing became in- 
creasingly troublesome. Roentgen therapy was 
begun in October, 1942. Six treatments of 112 r 
(200 kv., 0.5 mm. copper filter) were delivered 
alternately at weekly intervals to the anterior 
and posterior mediastinum — a total of 336 r 
being delivered to the anterior and a similar 
dose to the posterior mediastinum for a total 
dose of 672 r. 

The result was dramatic — after the first 
treatment, the wheezing diminished and fol- 
lowing the third treatment, the dyspnea and 
wheezing disappeared completely. Roentgeno- 
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graphic and bronchoscopic studies confirmed 
the clinical impression of marked decrease in 
bronchial compression. No adverse affects on 
the pulmonary tuberculosis were demonstrable 
during the eight months following treatment. 

Radiation therapy would appear to be a safe 
form of treatment to be tried in certain cases of 
marked tuberculous hilar lymph node enlarge- 
ment which threatens to produce severe bron- 
chial compression. This therapy should always 
be used in consultation with a skilled radiation 
therapist. — John R. Hannan. 

MISCELLANEOUS 

McCaw, W. W. Training of x-ray technicians 
at the School for Medical Department En- 
listed Technicians. Radiology, April, 1944, 
42, 384-3S8. 

At the outbreak of the present war there was 
only one school in the Army for training tech- 
nicians, that at the Army Medical Center, 
Washington, D. C. There are now schools at 
nine Army General Hospitals and hundreds of 
roentgen-ray technicians have already been 
trained. The author, working at the Fitzsimons 
General Hospital in Denver has had an op- 
portunity to observe the results of this training. 
The course for roentgen-ray technicians now 
extends over a period of three months, during 
which time the student is given 504 hours of 
technical instruction; in addition he is given 
an hour and a half a day of military training. 
During the first month he is familiarized with 
the electrophysical principles involved in the 
production of roentgen rays, the nature and 
physical properties of the roentgen -ray beam 
and the way in which roentgen rays are made 
use of in roentgenography. The second month 
he takes up the technique of roentgenography 
and is instructed in radiography, film criticism 
osteology and laboratory work. The last month 
includes a brief introduction to roentgen ther- 
apy; lectures are also given on the ethics of 
roentgen-ray technicians. 

Most gratifying reports have been received 
from radiologists in Army hospitals on the re- 
sults of this training and the author recom- 
mends the establishment of similar schools in 
civilian practice so that the training program 
for roentgen-ray technicians may be more or 
less standardized throughout the country. — 
Audrey G. Morgan. 
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Rogers, G. L. Instantaneous stereography. 
Brit. y. Radiol.^ April, I944> 125. 

Instantaneous stereography is useful in 
studying the heart, the viscera, arteriograms, 
phlebograms and possibly the lungs; also in the 
exact location of radium needle implantations. 

The method described here is based on the 
parallax stereoscope of St. Ives which has been 
modified for roentgenologic work. The method 
is promising and worth further development. A 
figure is given showing the general details 
which are applicable to both taking and view- 
ing. In taking, the two apices represent tlie two 
foci of a bifocal tube or the anodes of two port- 
able tubes run together. Roentgen rays diverge 
from these points, traverse the object space and 
are cut up by a grid into thin parallel strips. 
The apparatus is so arranged that the rays fall 
on the film in alternate strips, one coming from 
one anode and the next from the other. In this 
why the two stereoscopic views are cut up into 
interdigitating strips. This involves a certain 
loss of image but in practice the loss is not seri- 
ous. In viewing, the composite film is placed 
behind a viewing grid — ^^vhich can be a photo- 
graphic replica of the taking grid — and the 
eyes are placed in a position geometrically 
similar to the position of the taking anodes. 
Each eye then sees its appropriate image 
through the grid. The advantage of this method 
of viewing over the standard method is ex- 
plained. Certain avoidable errors in the stand- 
ard procedure are discussed . — Audrey G. Mor- 
gan. 

Morgan, Russell H. Reciprocity law failure 

in x-ray films. Radiology, May, 1944, 

471-479- 

The reciprocity law which is one of the 
fundamental rules of photography and roent- 
genography states that the quality of a series of 
roentgenograms will be uniformly constant if 
the exposure time with which they are made 
varies reciprocally with the intensities of the 
exposing radiation. It implies that, other things 
being equal, a roentgenogram exposed for i.o 
second with a tube-current of 100 milliamperes 
will be identical with one exposed for 10 seconds 
with a tube-current of 10 milliamperes. The law 
is based on the assumption that the density or 
blackening of a photographic film is dependent 
only on the exposure or quantity of radiant 
energy which the film absorbs and is inde- 


pendent of the rate at which the energy is ap- 
plied, that is, it is independent of the intensity 
of the exposing radiation. But it has been found 
that this is not true, but that photographic 
quality is dependent not merely on the quantity 
of radiant energy absorbed by the film but also 
on the intensity of the exposing radiation. The 
chief significance of reciprocity law failure is its 
effect on the sensitivity or speed of a photo- 
graphic emulsion. 

The methods of studying reciprocity law 
failure, its significance and the theoretical con- 
siderations on which it is based are discussed 
and graphs given illustrating the findings in 
regard to reciprocity law failure in four brands 
of roentgen films . — Audrey G, Morgan. 


Ellis, F., and Miller, H. The use of wedge 
filters in deep x-ray therapy. Brit. J. Radiol., 
March, 1944, 17, 90-94- 

In the treatment of deep tumors by roentgen 
rays it is hard to irradiate the tumor uniformly 
without injuring the normal tissues beyond it. 
For this purpose the authors introduce a wedge- 
shaped absorber into the beam. It is arranged 
so that the thickness of the absorber Increases 
gradually from one side of a rectangular field to 
the opposite side so that in any plane at right 
angles to the central ray the dose is reduced 
progressively in passing across the field. 

Two methods of utilizing the wedges may be 
used. In the first, nvo wedge fields are combined 
at right angles, that is along the adjacent edges 
of a square, in such a way that the thick edges 
of the wedges lie along a common line. The sec- 
ond method is used when the distance between 
two roughly parallel surfaces of the body is 
relatively small, as in treating the larynx or 
axilla. In these cases the use of two parallel 
opposed wedge fields and a direct field at right 
angles to them gives a very uniform dose dis- 
tribution. Wooden wedges are very satisfactory 
for this purpose as the absorption of radiation 
m wood IS very similar to that in tissue. Isodose 
CTryes are given for these two methods of use. 
iJescciptions and photographs are given of dif 

used.-^N^,-.^, G. 

Spencer, R. R. The place of the National 

problem 

Radiology, May, 1944, ^2, 493-498.^ 

Thirty years ago the American Society for 
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the Control of Cancer was launched with the 
object of educating the public and physicians 
to understand the importance of early diagnosis 
and expert treatment of cancer. The activities 
of this Society resulted in the passage of the 
National Cancer Institute Act in 1937. The. 
National Cancer Institute, established under 
this act, provides training in diagnosis and 
treatment of cancer for a group of young physi- 
cians particularly interested in this subject. On 
completion of their training they are capable of 
setting up and directing tumor clinics to con- 
form to the standards of the American College 
of Surgeons. 

The National Cancer Institute has purchased 
9.3 gm. of radium, about 8 gm. of which has 
been loaned to hospitals throughout the coun- 
try for the treatment of cancer patients. No 
charge is made for the use of this radium and 
preference must be given to indigent patients. 
The Cancer Institute cooperates with state 
health departments in the prevention, control 
and eradication of cancer. The states endeavor 
to provide for free or part-pay aid in the diag- 
nosis and treatment of cancer patients, free 
tissue diagnosis, lay and professional diagnosis 
and statistical and epidemiologic research, in- 
cluding a system of follow-up of cancer cases. 
The Institute also prepares films and posters 
for public education, emphasizing the curability 
of ear/y cancer. In the past five years the Insti- 
tute has recommended that over §400,000 be 
paid to various institutions for research in 
various phases of the cancer problem, particular 
emphasis being placed on cancer of the stomach 
which causes about 25 per cent of all deaths 
from cancer. 

Since 1939 when the National Cancer Insti- 
tute building was completed the most signifi- 
cant research work has been in the field of car- 
cinogenesis. Some of the details of this work are 
described and the suggestion is made that 
cancer may be caused by a process of adjust- 
ment of cells to some unusual environmental 
condition. Work is just beginning on cancer 
treatment and the development of reliable 


tests for the early diagnosis of the disease. 
Other studies are being made on the metabolism 
of normal and cancer tissue, the part played in 
the problem by vitamins and other nutritional 
factors and by hormones and enzymes. Empha- 
sis is placed on the fact that cancer is a national 
medico-socio-economic health problem and that 
it can no longer be left to the individual worker 
but that the work must be done systematically 
by organized research groups . — Audrey G. 
Morgan. 

Paterson, Edith. The time-intensity factor in 
x-ray irradiation. Part I. The influence of the 
overall time. Br//. J. Radiol., Jan., 1944, //, 
26-30. 

Experiments were made on chick fibroblasts 
to determine whether the effect of irradiation is 
influenced by changes in the overall time of ir- 
radiation, that is the time from the beginning 
of the first exposure to the end of the last. 
During these experiments the total dose and 
the dosage rate, that is the number of roentgens 
delivered per minute, were kept constant. 
Tables are given showing the details of the re- 
sults. It was found that when the overall time 
was prolonged the irradiation was more effec- 
tive, as shown by the fact that both survival 
rate and survival time were lowered as com- 
pared with short-term irradiation. There was 
also a reduced variation in the time of death 
so that the survival times were more homogene- 
ous. Nor did the cells show recovery as they 
did after short time irradiation. The effect was 
also influenced by the number of sessions into 
which the dose was split. The effect was greater 
when the total dose was split into eleven ses- 
sions than when it was given in three or four. 

These experimental facts do not necessarily 
hold good in clinical therapy but if they are 
found to apply there also it would mean that 
long-term irradiation with suitable splitting 
produces better effects and shows fewer recur- 
rences than short-term irradiation . — Audrey G. 
Morgan. 
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CORRELATION OF GASTROSCOPIC, ROENTGENO- 
LOGIC AND PATHOLOGIC FINDINGS IN 
DISEASES OF THE STOMACH 

AN ANALYSIS OF 245 PROVED CASES* 

PANCOAST LECTUREf 
By EDWARD B. BENEDICT, M.D. 

BOSTON, MASSACHUSETTS 


I AM very much honored by the invita- 
tion to address this learned society, and 
I wish now to express my thanks to you and 
your committee for selecting me to do so. 
To be included in a list of lecturers with 
Dr. George W. Holmes of Boston, Dr. 
Lawrence Reynolds of Detroit and Dr. D. 
B. Phemister of Chicago is indeed a privi- 
lege, and to give a Memorial Lecture in 
honor of Dr. Henry K. Pancoast, undoubt- 
edly the leading radiologist of his time, 
marks an important occasion in my medi- 
cal career. 

According to Dr. Pendergrass’ the first 
department of roentgenology in the United 
States was established by the University of 
Pennsylvania in 1896, and in 1902 Dr. 
Pancoast was appointed skiagrapher in 
charge of this department. Ten years later, 
he was made Professor of Roentgenology 
and was elected President of the American 
Roentgen Ray Society. In 1933 he was 
elected to the presidential chair of the first 
American Congress of Radiology, a spon- 
taneous recognition of his long and fruitful 
life of service to radiology. 

* From the Massachusetts General Hospital, 
t Pancoast Memorial Lecture delivered before the Philadelphia 
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the correlation of gastroscopic, roentgen- 
ologic and pathologic findings in diseases of 
the stomacL The \yord “correlation” is well 
chosen for it implies cooperation between 
the three departments and coope.ration is 
the keynote to successful progress. The 
roentgenologist always has the first chance 
to exarnine the patient. If the findings are 
fairly obvious, he will pi-qbably not suggest 
gastroscopy. The clinician, however, may 
wish confirmation by gastroscopy If the 
roentgen findbgs are doubtful gastroscopy 
IS always indicated. The pathologist comes 
into the picture rputmely on resected or 
autopsy specimens. As an indication of the 
excellent relationship between the roent 

fachuSs ^^^.^"doscopist at the Mas- 
sachusetts General Hospital, I would like 

to point out that more requests fir gist os 
copy come from the Department of S ’ 

f "" ""y °ther soured In 

other words, gastroscopy is an 1 

method of examining the stor..R ^ 
mentar, and 

ology. but not .n any sense I rival 
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There is a saying that “comparisons are ' 
odious.” In the present discourse, however, 
it will be of interest to draw certain com- 
parisons as to the relative advantages and 
disadvantages of each method of study 
under various circumstances. Roentgen ex- 
amination should always be performed first 
not only because it is easier and safer but 
also because it gives indispensable evidence 
regarding the esophagus. Before blindly 
passing the flexible gastroscope, the endos- 
copist must be assured of an essentially 
normal esophageal lumen. Both methods 
are so comparatively easy, safe and well es- 
tablished that it seems unnecessary to go 
into any detail regarding technique, indi- 
cations, or contraindications. The impor- 
tant question before us is that of correlating 
the results of our studies in gastroscopy, 
roentgenology and pathology. 

For this purpose, out of a total of 1,691 
gastroscopies, I have carefully selected 245 
cases for study. These are chosen because in 
each case there has been roentgen examina- 
tion, gastroscopy, and pathological report. 
It is noteworthy that in a difficult c^se the 
roentgenologist may examine the patient 
on several occasions, whereas the gastros- 
copist usually has only one opportunity to 
make his examination. This is due in part 
to the relatively more difficult gastroscopic 
technique and in part to the fact that the 
gastroscopic method is newer and less well 
established. The 245 cases studied include 
carcinoma (125), gastric ulcer (50), duo- 
denal ulcer (25), jejunal ulcer (8), gastritis, 
(16), benign tumor (7), lymphoma (5), sar- 
coma (2), metastatic carcinoma (3), normal 
stomach (4). 

CARCINOMA 

One hundred and twenty-five cases of 
proved carcinoma have been included for 
the purpose of this report. The two methods 
were equally good 67 times, the roentgen- 
ologist demonstrating a fairly obvious tu- 
mor mass and the gastroscopist confirming 
the diagnosis. In 3 cases the methods were 
equally doubtful, question of ulcer or ma- 
lignancy in 2 of them, and question of neo- 


plasm in I case. In 3 cases both were wrong 
— (1) a proved cancer treated as severe 
hypertrophic gastritis for two years (a seri- 
ous mistake, the responsibility for which 
lies on the writer as gastroscopist and also 
on the roentgenologist of an outside hospi- 
tal) ; (2) a proved cancer missed completely 
by both methods, and (3) a proved cancer 
thought to be a benign ulcer. In the re- 
maining 52 cases’ a more accurate or more 
valuable report was given by the roentgen- 
ologist 32 times, by the gastroscopist 20 
times. 

An evaluation of these 52 cases is neces- 
sarily difficult and perhaps somewhat arbi- 
trary but I believe it will serve to bring out 
the relative merits of each method. In 25 
of the 32 cases where the roentgen ray was 
more valuable, gastroscopy failed to dem- 
onstrate the lesion at all. The reasons for 
gastroscopic failure in these 25 cases were 
as follows: (a) obstruction at cardia (7 
cases), all due to tumor mass at the cardiac 
orifice; (^) blind area of the lesser curvature 
of the antrum (4 cases) ; (c) prepyloric area 
not seen (4 cases) ; (<5?) lesion in the pylorus 
not visible (4 cases); (e) spasm of antrum 
(2 cases) ; (f) blind area of fundus (2 cases) ; 
(g) excessive secretion (2 cases). In other 
words, some of the mechanical difficulties 
of gastroscopy are still unsolved. The retro- 
grade objective lens, omniangle mirror, 
mechanism for proximal control of the tip 
of the gastroscope, and biopsy forceps have 
been helpful, but they are limited modifi- 
cations which have not by any means 
solved all the problems. For lesions obstruct- 
ing the cardiac orifice I use the open tube 
gastroscope with biopsy when possible. 
Such tumors quite commonly invade the 
lower end of the esophagus, in which case 
esophagoscopy may give a positive diag- 
nosis. Even when the lower esophagus ap- 
pears grossly normal a biopsy may show 
submucosal extension of the tumor. The 
transthoracic approach is indicated for tu- 
mors in these areas. Owing to the peculiar 
shape of the stomach, lesions of the lesser 
curvature of the antrum, prepyloric area 
and pylorus are more difficult to see than 
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lesions in the corpus, not only because they 
are farther from the objective lens but also 
because they may be hidden around tlie 
corner behind the angulus. Certain parts of 
the fundus may- be impossible to see, espe- 
cially high up toward the lesser curvature. 
Finally, excessive secretion will obviously 
interfere with a proper examination. 

The other 7 cases where the roentgen ex- 
amination was more valuable than gastros- 
copy may be analyzed as follows; 

Case i. I.F.M. (M.G.H.,U No. 9S73S)*On 
the first roentgen examination the examiner re- 
ported an active penetrating ulcer 1.5 cm. long, 
0.5 cm. deep on the lesser curvature at the 
junction of the middle and lower tliirds. Three 
weeks later another roentgenologist reported 
shortening of the lesser curvature with a 3 cm. 
crater just distal to the angle of the stomach. 
Histopathological malignancy could not be 
ruled out by the roentgenologist who suggested 
gastroscopic examination. The gastroscopist re- 
ported very sluggish peristalsis passing over the 
antrum and through the pylorus. Several shal- 
low ulcerations were seen on the angulus with 
reddening, edema and verrucous elevations. 
The gastroscopic diagnosis was multiple gastric 
ulcers with superficial and hypertrophic gas- 
tritis. Exploratory laparotomy revealed a very 
extensive inoperable carcinoma involving al- 
most all of the lesser curvature of the stomach. 
A biopsy taken from the omentum was reported 
metastatic carcinoma. 

Comment. The roentgen examination was 
definitely superior to gastroscopy in this 
case. The gastroscopist apparently did not 
see the large 3 cm. crater beyond the angu- 
lus and thought the verrucous appearance 
of the lesser curvature was due to gastritis. 
Greater experience and improvements in 
the instrument in the seven years since this 
patient was examined might lead to more 
accurate gastroscopic diagnosis today. 

Case 2. G.R. (M.G.H., U No. 41 1134). The 
roentgenologist reported a thickened, elongated 
rigid pylorus without peristalsis — question of 
carcinoma. The gastroscopist thought he saw 
normal peristalsis passing down to a normal 
pylorus, with a diffuse verrucous eroded mucosa 
in the body of the stomach and made a diag- 


nosis of severe hypertrophic gastritis or lym- 
phoma. At operation a small carcinoma was 
found about a inches from the pylorus. The 
rest of the stomach showed a marked gastritis. 

Comment. The roentgenologist was cor- 
rect; the gastroscopist may have seen only 
a prepyloric contraction which he mistook 
for the normal pylorus. 

Case3.L.R. (M.G.H.,UNo. 56379). In this 
case nine roentgen examinations were made 
over a period of thirteen months. Tlie report 
was active gastric ulcer, old duodenal ulcer and 
hypertrophic gastritis; six months later the 
crater was markedly decreased in size; a year 
later "no active ulcer”; thirteen months later 
old duodenal ulcer and gastritis, suggestion of 
a shallow ulcerated carcinoma along the pos- 
terior wall near the lesser curvMture. During 
this period three gastroscopies were perfonned, 
with the following findings: (1) active gastric 
ulcer with hypertrophic gastritis; (2) no ulcer 
can be seen, no evidence of malignancy; (3) un- 
satisfactory due to bleeding. 

Comment. After nine examinations the 
roentgenologist raised the question of ma- 
lignancy. Gastroscopy at that time was un- 
satisfactory but the gastroscopist advised 
surgery because of the persistence of symp- 
toms and inability to work. 

Case 4. A.C. (M.G.H., U No. 343070). In 
this case the roentgenologist first reported a 
benign appearing ulcer at the junction of the 
middle and lower thirds. Three weeks later the 
large ulcer crater was unchanged in size, there 
was absent peristalsis, 100 per cent retention, 
and malignancy was a distinct possibility. The 
gastroscopist thought the lesion was benign be- 
cause it had sharp margins and a clean base. At 
operation, the surgeon believed he was dealing 
with a benign lesioh and the pathologist 
thought the lesion was benign from the gross 
appearance. Microscopically “in the mucosa 
carcinoma is found only in a small zone im- 
mediately around the ulcer.” 

Comment. In this case Schindler's^ claim 
that the presence of the circulating blood 
enables the gastroscopist to distinguish be- 
nign from malignant ulcer was not borne 
out. 

Case 5. J.G.D. (M.G.H., U No. 338191) The 
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Fig. I. Case 7. Roentgen appearance showing one or 
more ulcerations of the antrum in an area of thick- 
ened gastric wall. The roentgenologist was correct 
in believing this to be probably malignant. The 
gastroscopist thought the ulcer was probably 
benign. 

roentgen examination demonstrated an organic 
obstruction in the lower end of the stomach 
with TOO per cent retention at the end of six 
hours. The lesion could not be definitely visu- 
alized but the findings were consistent with ob- 
structing ulcer or carcinoma. At gastroscopy no 
peristalsis was seen. Instead of the pylorus 
there was seen a circular opening, possibly 
representing a stenosed pylorus, with one ero- 
sion and some proliferation but probably not 
malignant — more consistent with an obstruct- 
ing ulcer and marked gastritis than with carci- 
noma. 

Comment. This is probably an error in 
gastroscopic interpretation due to lack of 
experience, as the examination was made 
in 1934. It is to be noted also that the roent- 
genologist failed to see the lesion. This case 
might well be classified as both methods 
equally doubtful, but the gastroscopist was 
in error as he definitely favored a benign 
lesion. 


Case 6. B.O. (M.G.H., U No. 240438). The 
roentgen report described a large ulcerated le- 
sion on the posterior wall near the lesser curva- 
ture grossly benign (incomplete examination). 
The gastroscopist failed to see the large ulcer, 
but reported the angulus 1.5 to 2.0 cm. in di- 
ameter remaining in a fixed position. There 
were multiple areas of ecchymosis, increased 
reddening, superficial ulceration, edema, and ir- 
regular verrucous markings. The verrucous 
elevations varied in size from i to 2 mm. but 
did not appear sufficiently nodular for a diag- 
nosis of carcinoma to be made. 

Comment. The roentgenologist certainly 
described the important lesion in this case, 
though he failed to call it malignant. The 
gastroscopist should probably have thought 
more seriously about the fixed position of 
the angulus as an indication of carcinoma. 

Case 7. S.Y. (M.G.H., U No. 334489). The 
roentgenologist demonstrated one or more ul- 
cerations of the antrum in an area of thickened 
gastric wall which he thought was probably 
malignant, possibly lymphoma (Fig. i). The 
gastroscopist found multiple gastric ulcers with 
distortion of the peristaltic wave at one exami- 
nation but no distortion at a second gastros- 
copy. He felt it was “probably benign but 
strongly advised gastric resection.” The path- 
ological report was adenocarcinoma in situ 
with three shallow secondary peptic ulcerations. 

Comment. The roentgen examination 
here had the advantage in demonstrating a 
thickened gastric wall and an ulcer in the 
prepyloric area. 

In this series of proved carcinomas gas- 
troscopy appeared to be more valuable 
than the roentgen ray in 20 cases grouped 
as follows: 

Group A. Roentgen examination: gastric ulcer? 

carcinoma; gastroscopy: carcinoma (7 cases) 
Group B. Roentgen examination: benign gas- 
tric ulcer; gastroscopy: gastric ulcer ? carci- 
noma (5 cases) 

Group C. Roentgen examination: doubtful; 

gastroscopy: carcinoma (5 cases) 

Group D. Roentgen examination: polyp; gas- 
troscopy: carcinoma (i case) 

Group E. Roentgen examination: gastric ulcer; 

gastroscopy: malginant polyps (i case) 

Group F. Roentgen examination: gastritis; 
gastroscopy: carcinoma ( i case) 
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As an example of Gi'oup A, I will cite the 
following: 

Case 8. M.G. (M.G.H., U No. 30368a). At 
roentgen examination the antrum of the stom- 
ach showed a large ulceration measuring ap- 
proximately 3 cm. in length. There was a very 
marked induration around the ulceration. The 
condition was considered as probably malig- 
nant. Gastroscopy eleven days later showed an 
irregular ulcer with nodular margins and a 
white sloughing base on the margin of the 
angulus. The irregular appearance extended 
along the lesser curvature below the angulus 
into the antrum. No peristalsis passed over the 
lesion. The peristaltic wave was markedly dis- 
torted and the antrum was also distorted by 
this lesion which did not suggest a benign ulcer 
but which seemed almost certainly malignant. 
The pathological report was signet ring cell 
carcinoma. 

Comment. In this case, and similarly in 
the other 6 cases in Group A, gastroscopy 
gave a more complete description of the le- 
sion than the roentgen ray and also a more 
positive diagnosis. 

Group B. There were 5 cases in this group 
in which the roentgen report was benign 
ulcer and gastroscopy raised the question 
of malignancy. The question of carcinoma 
was raised by the gastroscopist in i case (D 
H., M.G.H. U No. 236117) because of an 
almost polypoid mucosa close to the ulcer 
margin, in another (N.G.M., M.G.H. U No 
19511) because of slightly irregular margins 
and a slightly nodular surrounding mucosa 
“highly suggestive of malignant infiltra- 
tion.” In a third case (W.J., M.G.H. U No. 
422778) the angulus was constantly de- 
formed on the lesser curvature by an ulcer- 
ating lesion appearing to be about 2.5 cm. 
in diameter and 1.5 cm. deep with raised 
edematous slightly ragged margins and a 
fairly clean gray base: “from the gastro- 
scopic appearance malignancy must be seri- 
ously considered.” This case was very im- 
there was an eight year history 
of mid-epigastric pain relieved by soda, a 
perforated ulcer surgically repaired two 
years^ before entry, and a roentgenogram 
showing an ulcer crater a by i cm. — “most 
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likely gastric ulcer, but I do not believe we 
can be sure it is not in the duodenum which 
has been pulled up along the lesser curva- 
ture and remains applied to it.” In a fourth 
case (G.E.W., M.G.H., U No. 132669) the 
gastroscopist believed the ulcer to be ma- 
lignant because of nodular margins (Fig. 2), 



Fig. a. G.E.W., fourth case in Group B. Gastroscopic 
appearance of ulcer thouglit to be benign roent- 
genologically. The gastroscopist reported probable 
malignancy because of the nodular margins, dirty 
base, and surrounding nodular mocosa. The patho- 
logical report was adenocarcinoma. (Reproduced 
through the courtesy of Oxford Medicine ) 


surrounding nodular mucosa 
The fifth case in this group is as follows: 


u i\o. 178371). 

Nine roentgen examinations were made in 
twenty-two months and malignancy was never 
n.ent,oned. The first four reports ,vore iSe 
gastric ulcer or active gastric ulcer; fifth, crater 
much srnaller; sixth, slight rigidity, crater no 
longer visible; seventh, lesser curvature mark- 
edly shortened, slight irregularity of lesser 

ulceration is not seen; 
eighth, no definite evidence of an active ulcer 

roentgenoscopically; on the roentgenogram 

there is slight irre^lanty of the lesser curva- 
ture; there is motion on the roentgenogram 
whether this is an ulcer cannot be definitely de- 
termined; ninth ulcer on the lesser curvature 
larger than at the last examination and reaches 

lamination. 

Lesser curvature in the neighborhood of this 
ulcer appears somewhat rigid and edematous 
Impress, on; ulcer of the lesser curvature S 
appears ben.gn by roentgen examinatiol 
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Fig. 3. Case 10. The finding from the roentgen exami- 
nation was reported as showing no definite evi- 
dence of tumor or ulcer. In retrospect, however, 
this was considered to be an error in interpretation 
for there is certainly a suspicious area high up on 
the greater curvature. Large carcinoma in this 
area was readily demonstrated by gastroscopy 
(see Fig. 4)- 

Three gastroscopies were performed during a 
three month period nine months before opera- 
tion, with the following findings: (i) benign 
healing ulcer with chronic gastritis; (2) no 
evidence of ulceration or gastritis; (3) on the 
lesser curvature at the angulus was a sharply 
demarcated_lesion with slightly gray base i cm. 
diameter, 3 mm. in depth, consistent with be- 
nign gastric ulcer but microscopic malignancy 
could not be positively excluded. Resection 
advised. Unfortunately, it was nine months be- 
fore operation was done._ The pathological 
report was carcinoma with metastases to 
re^onal lymph nodes, peptic ulceration of the 
carcinoma and gastritis. 

Comment. This case is of very great irn- 
portance "indicating that a peptic ulcer m 
a carcinoma may apparently heal com- 
pletely. Nine roentgen reports failed _ to 
suggest malignancy. Grossly the lesion 
looked benign by gastroscopy but the ques- 


tion of malignancy was raised by the gas- 
troscopist on clinical grounds and operation 
advised. 

Group C. There were 5 cases in this group 
in which the roentgenologist had difficulty 
in satisfactorily visualizing the lesion due 
to its location on the greater curvature (2. 
cases), pyloric obstruction (2 cases), carci- 
noma close to a stoma (i case). The fol- 
lowing case is an example: 

Case 10. P.H. (B.M. U No. 218126). Roent- 
gen examination showed no definite evidence of 
tumor or ulcer (Fig. 3). Gastroscopy demon- 
strated an elevated lesion high up on the greater 
curvature with soft friable margins and ques- 



Fig. 4. Case 10. Gastroscopic appearance of large 
carcinoma of the greater curvature not reported 
from' roentgen examination (see Fig. 3). 

tionable ulceration consistent with carcinoma 
or lymphoma, presumably carcinoma (Fig. 4). 
The pathological report on the resected speci- 
men was carcinoma with metastases to the 
regional lymph nodes. 

Group D. 

Case ii. E.V.T. (M.G.H. U No. 341863). 
Roentgen examination demonstrated a lesion in 
the lower fourth of the stomach; it appeared to 
be located within the last 3-4 cm. of the stom- 
ach, measured 2 cm. in diameter and was 
thought to be a small polypoid growth without 
a stalk. At gastroscopy the pylorus was well 
seen and on its anterior margin toward the les- 
ser curvature there was a small nodular nipple- 
like excrescence about 5mm. in diameter and 
bright red in collor. The lesser curvature ap-' 
peared irregular, indurated and gave a some- 
what hard appearance, as though infiltrated. 
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There was no peristalsis passing over it. There 
was one slightly depressed area in this region 
suggesting an ulceration. The greater curva- 
ture and posterior wall were very intense red 
and glistening, showing evidence of a definite 
gastritis. The rugae were somewhat irregular 
and tortuous. The gastroscopic findings were 
consistent with an infiltrating type of carci- 
noma and a marked gastritis. The pathologist 
confirmed these findings including a superficial 
ulcer — adenocarcinoma, acute and chronic gas- 
tritis. 


Group E. 

Case 12. F. L. (M.G.H., U No. 393564). At 
roentgen examination the stomach showed a 
small ulcer at the lesser curvature i inch below 
the cardia. The lesser curvature was not rigid. 
Peristalsis appeared normal and no filling de- 
fects or masses were noted. The findings indi- 
cated a gastric ulcer. Gastroscopy revealed 
multiple polyps; proximal to the angulus on the 
lesser curvature there was a rather smooth red 
nodule about 1.5 cm. in diameter and elevated 
above the mucosa about i cm. having the ap- 
pearance of a polyp. On the greater curvature 
proximal to the angulus and extending into the 
upper part of the fundus there were numerous 
nodules from 0.5 to i cm. in diameter. The 
mucosa elsewhere was somewhat reddened and 
edematous. The inability of the patient to re- 
tain air suggested some rigidity of the gastric 
wall. The findings were consistent with mul- 
tiple gastric polyps which were believed to be 
probably malignant. Because of a nodular liver 
peritoneoscopy was performed to avoid a 
laparotomy. Biopsy obtained from a nodule in 
the hver was reported metastatic adenocarci- 
noma. 


Group F. 

Case 13. T P. (P.H. U No. 435396). Roent 
gen exammapon showed prolonged delay in th( 
esopha^s with narrowing at the lower end bui 
no rigidity. As the stomach filled, a filling defeci 
appeared on the greater curvature opposite thi 
cardiac orifice — no rigidity. After a fifteer 
minute delay due to the patient’s fainting, the 
stomach appeared to be of normal shape with 
normal peristaltic activity. Conclusions— spasm 
of lower esophagus, probable localized gastritis 
on the greater curvature. Gastroscopy demon- 
strated an elevated, irregular polypoid mas' 
about 3 cm. in diameter, looking like a smal 


fuzzy cauliflower. It appeared to be high up on 
the greater curvature toward the anterior wall. 
The examiner concluded that this was probably 
carcinoma, or less likely hypertrophic gastritis, 
and advised transthoracic exploration. This was 
done and a palliative resection performed. The 
pathologist reported colloid adenocarcinoma of 
the cardiac end of stomach with extension into 
the esophagus and metastases to the regional 
lymph nodes. 


tween carcinoma and liypertrophic gas- 
tritis may be very difficult or impossible by 
any method of examination. Perhaps the 
gastroscopist was lucky in this case, per- 
haps the roentgenologist would have diag- 
nosed carcinoma on a second examination. 
It should be emphasized that it is far better 
to explore a patient and find only gastritis 
than it is to fail to explore a patient who 
actually has a carcinoma. In doubtful cases 
gagrotomy and biopsy should be done. 

.K analysis it is evident 

that both methods of examination are very 
important. Where one fails the o^her may 
be successful. In 52 out of 125 cases of 
proved carcinoma one method appeared to 
be more valuable than the other, the rot“ 
gen examination having the advantage by 
about 3 to 2 Roentgen examination is also 
an easier and a better established method. 
The gastroscopist, following the roentgen- 

SrtrviA ^ -'•"ost Invariably does, may 
Start with a preconceived idea of the diae 
nosis, and his observation may be merefv 
confirmatory. Such evidence, however may 
be of very great value. On the otherCnd 
It may be a definite handicap to start with 

rotr'Stdif" 

the extent of fhe lesiSi 

fied oulTpurposerb 

The large cauliflower typ^of tumo"" • 

Sa gt^sf 

> ‘'^gastroscopic confirmation may 
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be unnecessary. Whenj however, such a tu- 
mor is located high on the greater curvature 
in a heavy individual in whom palpation 
is difficult, or in some cases where there is 
pyloric obstruction, and other cases where 
there is distortion from a previous gastric 
operation, gastroscopy may be the superior 
method of study. Most of the gastroscopic 
failures (25 out of 32) were due to mechani- 
cal difficulties. In other words, if the gastros- 
copist can actually get a good view of the 
lesion the possibility of his being correct is 
greater than that of the roentgenologist. 
The latter, however, usually has the ad- 
vantage in lesions at the pylorus, in the 
prepyloric area, on the lesser curvature of 
the antrum, blind area of the fundus, and 
cases with obstruction at the cardiac orifice. 
The relative superiority of gastroscopy over 
roentgenology in differentiating benign 
from malignant gastric ulcers, when the 
ulcer is readily visible by both methods, 
seems to me to be attested by the 12 cases 
in Groups A and B. In some of these the 
gastroscopist may have been lucky and in 
others his clinical judgment may have 
played a part, for the gastroscopist has a 
better opportunity than the roentgenolo- 
gist to get acquainted with the patient and 
his history. It may be said in passing that 
since the advent of gastroscopy, roentgen 
examination of the stomach has consciously 
or unconsciously received a stimulus which 
has resulted in more careful roentgenologic 
technique and more detailed roentgen re- 
ports. But we must still not regard the two 
methods as rivals in any way. In fact, it is 
amazing how well they supplement each 
other. 

GASTRIC ULCER 

Fifty cases of proved benign gastric ulcer 
have been analyzed as follows: In 16 cases 
the roentgen ray and gastroscopy were 
equally correct; in 9 cases equally doubtful; 
in 21 cases the roentgen examination was 
superior to gastroscopy, and in 4 cases gas- 
troscopy was superior to the roentgen ray. 

As in the cases of carcinoma, the gastro- 
scopic failures were due largely to mechani- 


cal difficulties, which accounted for 17. of 
the 21 cases of superiority of the roent- 
gen examination. Again the mechanical 
difficulties were chiefly in the prepyloric 
region (7) and the lesser curvature of 
antrum (5). It was impossible twice to see 
ulcers high on the lesser curvature, once 
near a gastroenterostomy stoma, once the 
failure was due to excessive secretion and 
once to spasm of the body of the stomach. 
In the ulcers well seen by both methods of 
examination, the roentgen ray seemed su- 
perior 4 times, and gastroscopy superior 4 
times. 

The cases in which the roentgen exami- 
nation was superior are as follows: 

Case 14. S. E. (M.G.H., U No 338066). At 
the first roentgen examination there was evi- 
dence of gastritis, a spastic antrum, and large 
duodenal cap — no definite filling defect or ulcer 
crater. Re-examination was requested and was 
performed later. Meanwhile the gastroscopist 
reported on the lesser curvature and anterior 
wall in the antrum of the stomach close to the 
pylorus an infiltrating and slightly proliferating 
lesion about 4 to 5 cm. in diameter which was 
very red and irregular in appearance, some 
areas being white. The impression was probable 
carcinoma of the antrum. Re-examination by 
the roentgen ray was then done and a faintly 
defined fleck of barium was retained at the les- 
ser curvature about 2 inches from the pyloric 
valve on the incisura angularis. The general 
appearance was that of a healing gastric ulcer 
with a very shallow crater. In concluding his 
report, the roentgenologist said, “I think it 
would be practically impossible to determine 
the lesion in the routine examination and the 
information gained from the gastroscopy prob- 
ably made it possible for us to find this lesion.” 

Comment. This is a generous statement 
and indicates the good feeling and excellent 
cooperation between the two departments. 
In spite of the fact that gastroscopy first 
localized the lesion, the gastroscopic inter- 
pretation was erroneous whereas the roent- 
gen diagnosis was correct. 

Case 15. L. B. (M.G.H., U No. 387907). On 
three occasions in four months the roentgen 
report was active or healing peptic ulcer grossly 
benign, located in the mid-portion of the lesser 
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curvature. This was well seen by gastroscopy 
as a deep triangular shaped ulcer (Fig. 5) on 
the lesser curvature of the angulus, about 2 by 
0.5 by 0.5 cm. in size. The margins were red- 
dened and slightly irregular, the base a rather 
dirty grayish pink. The mucosa surrounding 
the ulcer was markedly nodular and seemed 
somewhat rigid. Peristalsis was very inactive 
and did not pass normally over the ulcer. The 
examiner felt that the ulcer was probably ma- 
lignant. 


Comment. In this case all signs seemed 
to fail the gastroscopist. The irregular mar- 
gins, the dirty base, nodular mucosa, rigid 
wall and abnormal peristalsis should have 
meant malignancy, but the roentgen report 
was correct in calling it benign. The patho- 
logical report was active benign gastric ul- 
cer with chronic gastritis. 

The other 2 cases in this group are quite 
similar to Case 15: G.H. (M.G.H. U No. 

being almost identical, and G.N.K. 
(M.G.H. U No. 317121) presenting a very 
similar problem. In the latter case four 
roentgen examinations were made, all show- 
ing one or^ two ulcers grossly benign. The 
gastroscopist examined this patient 5 times 
(the only case in my experience where there 
have been more gastroscopic than roentgen 
examinations) making a diagnosis of benign 
ulcer three times but then leaning toward 
malignancy because of the nodular mucosa 
surrounding the ulcers, distortion of peri- 
stalsis, failure to heal, short history and 
absence of free hydrochloric acid. The path- 
ological report was gastric ulcer, marked 
acute and chronic gastritis. In many such 
cases there is no doubt surgery is indicated 
and the question of carrying out the correct 
procedure is of more importance than 
makmg the correct preoperative diagnosis. 
But in the long run, for the advancement 
of medicine we must strive for more and 
more accurate diagnosis by every method 


There were also 4 cases in this group 1 
seen by both roentgenologist and enc 
copist, in which the latter was more 
curate. 


Case 16. W. B. (M.G.H., U No. 


171292). 


Three roentgen examinations were made dur- 
ing a period of eleven months, each time reveal- 
ing in the mid-portion of the lesser curvature 
an ulcer crater i.o cm. deep and 1.5 cm. across, 
with moderate thickening of the gastric wall. 
At the first examination it was considered 
grossly benign but with malignant change a 
distinct possibility. On the second and third 



11 . aj/pciimnce or ulcer 

grossly benign roentgenologically but thought to 
be malignant by gastroscopy because of the irreeu- 

theulcef Th'*"b surroundfng 

Ts active be report, howeve;, 

gastriS T„’ with chronic 

Li; ^ r m of the usual signs of 

gnancy failed the gastroscopist. 

“houW?"' it appeared much the same but 

1.0 bv I c bv S'tstroscopist reported an ulcer 
• Y -5 by 0.5 cm. in the mid-portion of the 
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Fig. 6. Case 18. First roentgen examination, antero- 
posterior view, no lesion demonstrable. 

Case 17. J.M.M. (M.G.H. U No. 16596). By 
roentgen examination the distal portion of the 
antrum was constantly narrowed and slightly 
irregular. On a second examination, there was 
a circular narrowing 1.5 cm. in length in the 
prepyloric area, probably due to a very small 
neoplasm. At a third examination the previous 
findings were confirmed — ? old ulcer or very 
small tumor. As frequently happens, the roent- 
genologist suggested gastroscopy, which re- 
vealed a shallow oval ulceration about i inch 
from the pylorus on the lesser curvature — the 
ulcer had a clean white base and clear cut 
margins — probably a benign shallow ulcer. This 
was confirmed histopathologically after resec- 
tion. 

Comment. Although the prepyloric area 
is often difficult for the gastroscopist the 
description was very accurate in this case. 

Case 18. 1 .K. (B.M. U No. 44513). Roentgen 
report: "The stomach was difficult to examine 
because of its high transverse position and the 
thickness of the patient. As far as could be de- 
termined, however, there were no definite de- 
fects in the stomach (Fig. 6). Would like to 


reexamine — ” On the second examination there 
was found an area of ulceration of the anterior 
wall (Fig. 7) of the lower stomach, the appear- 
ance of which was grossly benign, but malig- 
nant changes could not be excluded. Gastros- 
copy demonstrated two gastric ulcers on the 
lesser curvature at the angulus. They were 
about 2 cm. apart, 4 mm. in diameter, 3 mm. 
deep, with sharp margins and clean gray base. 
The mucosa surrounding the ulcers was mark- 
edly red and edematous, but not nodular or 
verrucous and not suggestive of neoplasm. Close 
to the ulcers was a 3 mm. erosion and some 
fresh blood. Twelve days later gastroscopy was 
repeated showing one small benign healing gas- 
tric ulcer — nothing to suggest carcinoma. 
Roentgen examination two days after the sec- 
ond gastroscopy could no longer demonstrate 
an ulcer crater but reported “thickening of the 
mucosa in this region which could obscure a 
small crater. This area is extremely difficult to 
demonstrate by x-ray and I believe that gastros- 
copy is probably more accurate to determine 



Fig. 7. Case 18. Later roentgen examination showing 
ulceration of anterior wall grossly benign, malig- 
nant changes not excluded. Gastroscopy in this 
case demonstrated two gastric ulcers on the lesser 
curvature at the angulus having a benign appear- 
ance. The pathologist reported t^vo g.astric ulcers 
with severe gastritis. 
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the question of regression.” About two months 
later resection was done, and the pathologist 
reported two gastric ulcers with severe gastritis. 

Comment. In this case the gastroscopist 
was able to demonstrate two ulcers and gas- 
tritis instead of only one ulcer. And the 
roentgenologist was frank in admitting the 
greater accuracy of gastroscopy. 

Case 19. J.M. (B.M. U No. 195485)- A man, 
aged fifty-five, entered the hospital because of 
severe melena. Roentgen examination showed 
thickened gastric and duodenal mucosa with a 
definite deformity of the duodenum and what 
appeared to be a small ulcer crater on the pos- 
terior wall of the duodenum. Roentgenograms 
which were brought in by the patient showed 
a much larger crater in this area. Two weeks 
later reexamination of the esophagus, stomach 
and duodenum revealed no definite evidence of 
ulcer. There was practically no deformity of the 
duodenum. The small intestine was completely 
examined and showed no pathologic condition. 
There was a small hiatus hernia. No gastros- 
copy was done at that time but the patient was 
explored surgically and no pathologic condition 
found in the stomach or duodenum. Two weeks 
after operation gastroscopy revealed a very 
severe diffuse gastritis with erosions and active 
hemorrhage. The patient went home, was fairly 
well for four weeks and then suffered a massive 
hematemesis. After transfusions and jeju- 
nostomy for feeding a partial gastrectomy was 
successfully performed. The resected specimen 
showed a very small shallow ulcer on the lesser 
curvature of the stomach, no more than 3 mm. 
in diameter. It could not be palpated at the 
time of operation but it led directly into a large 
branch of the left gastric artery and it was from 
that source that the massive hemorrhage had 
come. There was no ulcer in the duodenum. 

Comment. In this case although gastros- 
copy did not demonstrate the particular 
ulcer in question it did reveal the stomach 
as a probable source of the bleeding. 

In reviewing these cases of proved gastric 
ulcer it is disappointing to find how many 
have not been seen by gastroscopy, but it 
is really not surprising that many prepy- 
loric and lesser 'curvature antral ulcers are 
around the corner or otherwise invisible. 
Unfortunately, many ulcers are in these rel- 


atively blind areas. It behooves us to im- 
prove our gastroscopes and our technique. 
Exclusive of mechanical difficulties, roent- 
gen examination and gastroscopy seem to 
rate about equally, and each may contrib- 
ute information of such value that neither 
examination can be omitted. 

DUODENAL ULCER 

Since it is impossible to see the duo- 
denum by gastroscopy, the subject of 
duodenal ulcer is included chiefly because 
of the associated gastritis. The roentgen- 
ologist occasionally reports gastritis associ- 
ated with duodenal ulcer but frequently 
does not mention it even if he finds thick- 
ened rugae and hypersecretion. The gastros- 
copist seldom examines the routine case 
of duodenal ulcer. If he does he will usually 
find some gastritis. The pathologist, if he 
examines the stomach histopathologically, 
always finds more or less gastritis in cases 
of duodenal ulcer; but unless he is making 
a special study he may not mention it. 

Twenty-five cases of proved duodenal 
ulcer have had roentgenologic, gastroscopic 
and pathologic examination. Gastroscopic 
study is being done less frequently than 
formerly since it is indicated only under 
special circumstances. Only 6 of the 15 
cases had gastroscopy since 1940; nineteen 
were done from 1933 to 1939 in an effort to 
evaluate the method. Pyloric obstruction, 
where the diagnosis is undetermined by 
roentgen examination, or in cases where 
carcinoma seems likely are frequent indi- 
cations for gastroscopy; similarly unex- 
plained gastrointestinal hemorrhage. Case 
1^9 above is an example of a case thought to 
be bleeding from duodenal ulcer shown at 
gastroscopy to have severe gastritis with 
erosions and proved at operation to have 
him from a very small gastric ulcer. 

Occasionally, as in Case 3, there will be 
an eight year history of duodenal ulcer in- 
cluding surgery for a repair of perforation. 
In this case gastroscopy was very helpful in 
establishing the presence of a pathologic 
condition in the stomach in addition to the 
duodenal ulcer. It was believed to be prob- 
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ably malignant and was proved at opera- 
tion to be carcinoma. The history of a 
proved duodenal ulcer was very mislead- 
ing. 

In duodenal ulcer are the symptoms due 
to the ulcer or to the associated gastritis? 
In at least i case (E.B., M.G.H. U No. 
19663a) the ulcer appeared to be healing at 
roentgen examination but the symptoms 
were getting worse, due apparently to a 
very active gastritis shown by gastroscopy. 
Also in hemorrhage from gastritis in the 
presence of duodenal ulcer I have raised the 
questiorr^'^ as to whether the bleeding is 
coming mostly from the ulcer, which may 
be “old” or “healed” or “inactive” accord- 
ing to the roentgen reports, or from the gas- 
tritis which may be shown by gastroscopy 
to be severe with active bleeding. 

JEJUNAL ULCER 

Eight proved cases of jejunal ulcer have 
been examined by the roentgen ray and 
gastroscopy, in 3 of which the methods 
were equally good, in a equally incorrect 
and in 3 the roentgen ray was superior. 
There was no proved case of jejunal ulcer 
in which gastroscopy was superior. 

In the 3 cases rated equally good, the je- 
junal ulcer was satisfactorily seen by the 
roentgenologist and also by the gastros- 
copist. In I case considered equally in- 
correct by both examinations, the stoma 
was well seen by- both but no ulcer was visi- 
ble. The pathologist, however — described 
shallow irregular ulcer crater at the site of 
the anastomosis probably too shallow to be 
seen roentgenologically and probably just 
around the corner for the gastroscopist. In 
the fifth case the jejunal ulcer was missed 
by both the roentgen ray and gastroscopy, 
the roentgen report describing a duodenal 
ulcer, normal gastroenterostomy stoma and 
question of carcinoma near the pylorus. 
The gastroscopist saw neither the pylorus 
nor the stoma but described a verj’" nodular 
lesser curv'^ature, which he thought was 
probably carcinoma. 

The 3 cases in which roentgen examina- 
tion was superior were due to the mechani- 


cal difficulties of gastroscopy, viz. («) stoma 
not seen at all; {i>) stoma only partially 
seen; (c) multiple erosions seen on stonia 
but no ulcer visible. 

Therefore, as in carcinoma and gastric 
ulcer, the mechanical difficulties of gastros- 
copy are the chief cause of its failure in 
the diagnosis of jejunal ulcer. 

GASTRITIS 

I believe roentgenologists, gastroscopists 
and pathologists would all agree that gas- 
tritis is the most common disease of the 
stomach. It occurs not only in association 
with ulcer and cancer but also as an inde- 
pendent entity. According to the Depart- 
ment of Radiology at the Massachusetts 
General Hospital, a diagnosis of gastritis 
can be made when there is thickening of the 
rugae and hypersecretion. Schatzki® states 
that such rugae are wider, higher, and more 
rigid than normal folds; and one cannot 
make them disappear by pressure. Berg® 
and Schatzki also stress the importance of 
increased gastric secretion and small round 
areas of diminished density which are due 
to particles of mucus. When these findings 
are present, roentgenologists have usually 
applied the term “hypertrophic gastritis.” 
I believe this is unfortunate for it implies 
an ability on their part to differentiate the 
various types of gastritis — an ability which 
most roentgenologists admit does not exist. 
In my opinion, it would be safer under 
these conditions to say the findings suggest 
gastritis. 

How often is such a diagnosis confirmed 
by the gastroscopist? A positive diagnosis 
of gastritis by an expert roentgenologist is 
usually but not always confirmed by gas- 
troscopy. Occasionally after such a roent- 
gen diagnosis, the gastroscopist finds what 
he considers to be a normal stomach. Fre- 
quently he finds superficial gastritis or gas- 
tric atrophy instead of the hypertrophic 
variety. Superficial gastritis as seen gastro- 
scopically corresponds to the acute gastritis 
described by the pathologist. In such cases 
the gastroscopist sees increased reddening, 
edema, and adherent secretion. The path- 
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for the diagnostic criteria are the 


entity, 
same. 

The unquestioned superiority of gastros- 
copy in differentiating the various types 


ologist finds leukocytes filling the upper 
portions of the mucosa and a diminution of 
mucous vacuolization. Cases of superficial 

eastritis alone (i.e. without other gastric — ^ . - . . .. 

pathology) almost never come to surgery or of gastritis is important, for gastritis e- 

to autopsy, but it has been possible to cor- sides being the most common disease ol tlie 
relate the gastroscopic findings in super- stomach is undoubtedly the cause ol symp- 
ficial gastritis associated with ulcer or card- toms. Superficial or acute gastritis is seen 
noma with the pathological findings. in alcoholism, seasickness, airsickness, die- 

Benedict and Mallory^ carried out such a tary indiscretion, infectious disease, and m 
study in 51 resected specimens and found so-called indigestion. It is usually of corn- 
agreement in two-thirds of the cases of su- paratively short duration and probably 90 
perficial gastritis, two-thirds of the cases of per cent of such patients do not need roent- 
atrophic gastritis, and three-fourths of the genologic or gastroscopic examination. If 
cases of hypertrophic gastritis. The gastros- symptoms persist, however, it is important 
copist and pathologist agree in defining from the standpoint of treatment and prog- 


atrophic gastritis as atrophy of large areas 
of the mucous membrane, seen gastro- 
scopically as a pale, thin mucosa with a 
network of easily visible blood vessels. 


nosis to determine whether there is serious 
gastric disease, acute or chronic gastritis or 
gastric neurosis. In a series of 1,300 cases 
examined gastroscopically by Benedict,® 


Pathologically, the significant feature is the chronic or hypertrophic gastritis without 
progressive diminution of the epithelial other gastric or duodenal pathology was 
elements, with shortening of the glands and found in 1 17 cases (9 per cent). Pain, vom- 
intestinal metaplasia. By “hypertrophic iting, bleeding, sour eructations and heart 
gastritis” the gastroscopist means a mucosa burn are frequent symptoms. Pain may be 
studded with verrucous elevations having a similar to ulcer pain. Hemorrhage from 
dull surface with few highlights and some- gastritis deserves special mention. for very 
times a beaded appearance to the rugae, severe hemorrhage can occur from gastritis 
The counterpart of the hypertrophic gas- alone. Some hemorrhage occurred in 42 per 
tritis described by the gastroscopist appears cent of the 1 17 cases. A roentgen diagnosis 
to be the chronic gastritis which the pa- of gastritis was mentioned in only one-third 
thologist recognizes by an exaggeration of of the 117 cases. Atrophic gastritis or gas- 


the zone of plasma cell infiltration 
The cases studied by Benedict and Mal- 
lory were also reviewed from the roent- 
genologic standpoint by a member of the 
Department of Radiology who reported 
roentgen evidence of gastritis in almost 
every case. He could not differentiate the 
types of gastritis and made no attempt to 
do so. The criteria used were thickening of 


trie atrophy may be a late stage of an in- 
flammatory process or may be the result of 
a deficiency disease such as pernicious 
anemia, sprue, pellagra, and so forth. I.tis 
found commonly with carcinoma, rarely 
with ulcer. The diagnosis is important, for 
fiver . therapy may be specific (Jones, 
Benedict and Hampton).® It is impossible to 
correlate the thickened folds and increased 


the folds and increased secretion. Patholog- secretion sometmes 'reported^ roe^n 

° r * '•'» »™osa, awLe of folds 


every case of peptic ulcer or gastric tumor. 
Therefore one might question the impor- 
tance of these studies. I believe the signifi- 
cance lies in thus proving the ability of the 
roentgenologist and gastroscopist to diag- 
nose gastritis not only in association with 
ulcer or cancer but also as an independent 


and lack of secretion 


u gastroscopy. 

Undoubtedly the gastroscopic- diagnosis is 
more accurate. 

Sixteen cases proved pathologically 
have only gastritis have been explored s^,- 
gmally i:,, because of the possibility of 
ancer (Fig. 8, 9 and 10), 3 because of 


to 
sur- 
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Fig. 8. W.M. (M.G.H. U No. 409299). The roent- 
genogram shows polypoid masses in the fundus 
thought to be polypoid tumor. Gastroscopy 
showed severe gastritis with ulcers. The patho- 
logical report after resection was multiple peptic 
ulcers, erosions, acute and chronic gastritis. 

hemorrhage,^ and i because of the pos- 
sibility of jejunal ulcer. Five times the two 
methods of examination seemed equally 
poor, nine times gastroscopy was con- 
sidered superior and twice roentgen exami- 
nation seemed better. 

In the 5 cases rated equally poor, 3 were 
thought to be cancer by both methods; i 
was spasm of the pylorus by roentgen ex- 
amination, carcinoma of the greater curva- 
ture by gastroscopy; and the fifth case was 
thought to be a largfe carcinoma of the 
greater curvature by the roentgen ray, un- 
satisfactory examination (due to spasm) by 
gastroscopy. 

In 9 cases gastroscopy seemed more ac- 
curate than the roentgen examination. In 
2 of these (B.D., M.G.H. U No. 334863; 
A.J., M.G.H. U No. 186668), the roent- 
genologist reported prepyloric ulcer which 


was not substantiated pathologically after 
resection. In both these cases the gastros- 
copist saw the pylorus and the prepyloric 
area and could see no ulcer. The gastritis 
reported by gastroscopy in both cases was 
confirmed by the pathologist. In a third 
case (A.R., M.G.H. U No. 300945) the 
roentgenologist suspected carcinoma or 
lymphoma of the lesser curvature near the 
cardia (Fig. ii). In the same area the gas- 
troscopist reported very severe hyper- 
trophic gastritis, which was confirmed by 
open tube gastroscopic biopsy and also 
later by exploratory laparotomy and gas- 
trotomy. In 2 other cases (D.V., M.G.H. 
U No. 57777; E.C.M., M.G.H. U No. 
9439)> the question of jejunal ulcer or duo- 
denal ulcer was raised by roentgen exami- 
nation but not found at operation. While 
the gastroscopist could not exclude these 
lesions, he did find gastritis which was con- 



Fig. 9. J.M. (M.G.H. U No. 355822). Compare with 
Figure 8. Polypoid lesions of the fundus thought 
to be due to gastritis. Gastroscopy was reported 
gastritis. Later resection proved to be carcinoma. 
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Fig. 10. G.L. (P.M.H. U No. 43-595)- Ulcerating 
carcinoma of antrum readily demonstrated by 
gastroscopy as shown above but confused with 
gastritis at the roentgen examination. 



Fig. 12. E.D. (M.G.H. U No. 29583)- Sixth case of 
the 9 cases in which gastroscopy seemed more 
accurate than the roentgen ray. In this case the 
roentgenologist was uncertain as to whether he 
was dealing with foreign bodies or polyps in the 
stomach with a possible pyloric ulcer or carcinoma. 
The gastroscopist reported a prune stone and a 
plum stone with gastritis, as shown in this illus- 
tration. Operation confirmed these findings. (Re- 
produced through the courtesy of Oxford Medi- 
cine.) 


* 1 ^ 



Fig. II. A R. (M.G H. U No. 300945). Third case of 
the 9 cases of gastritis in which gastroscopy 
seemed more accurate than the roentgen ray. 
Roentgen appearance is suspicious of carcinoma or 
lymphoma of the lesser curvature and near the 



Fig. 13 C.H. (P.H. U No. 131a). Eighth case of the 
9 cases m which gastroscopy seemed more accur- 
ate than the roentgen ray. In this case the roent- 
gen report was gastritis, but gastroscopy was far 
more specific in describing active bleeding from 
erosions and superficial ulcerations in a severe 
gastritis. This was confirmed at operation. (Re- 
produced through the courtesy of Oxford Medi- 
cine.) 


cardia.^In the same area, the gastroscopist re- 
ported very severe hypertrophic gastritis, con- 
firmed later by open tube gastroscopic biopsy and 
exploratory laparotomy. 
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firmed by the pathologist. In a sixth case, 
(E.D., M.G.H. U No. 29583) the roent- 
genologist was uncertain as to whether he 
was dealing with foreign bodies or polyps 
in the stomach, with a possible pyloric 
ulcer or carcinoma; the gastroscopist re- 
ported a prune stone and a plum stone with 
gastritis (Fig. 12). Since the stones failed 
to pass the pylorus, operation 'was per- 
formed confirming these findings and 
showing no ulcer or carcinoma. In the 
seventh case (M.M., M.G.H. UN0.3 18232) 
a large carcinoma of the greater curvature 
was demonstrated roentgenologically but 
only hypertrophic gastritis was reported by 
gastroscopy; no carcinoma was found on 
exploration. The eighth (Fig. 13) and ninth 
cases (C.H., P.H. U No. 1312; J.E.K., M. 
G.H. U No. 30620) concerned hemorrhage 
from postoperative gastritis, in which the 
roentgen report was gastritis but gastros- 
copy was far more specific in describing 
active bleeding from erosions and super- 
ficial ulcerations in a severe gastritis. 

In 2 cases in this group it seems fair to 
rate the roentgen ray better than gastro- 
scopy. The first was E.W.(P.H. U No. 
129080) in which case the roentgen finding 
was a localized area of polypoid gastritis, 
ulcerating neoplasm possible but unlikely; 
by gastroscopy, however, it was felt the 
lesion was atypical but consistent with in- 
filtrating neoplasm. A subtotal resection 
was done, the pathological report being 
chronic gastritis. The second case (J.S., M. 
G.H. U No. 283404) was not much credit 
to either method of examination, the roent- 
genologist reporting on three examinations 
old duodenal ulcer, ? ulcer in pylorus, shal- 
low ulcer lesser curvature side of pylorus, 
small flat ulcer in the immediate prepyloric 
area, possibly malignant. Gastroscopy was 
satisfactory and was entirely negative, with 
no evidence of gastritis. The surgeon did a 
subtotal resection finding no ulcer. The 
pathologist found no ulcer or neoplasm, but 
reported acute and chronic gastritis. On 
reviewing the roentgenograms the radiolo- 
gist reported thickening of the folds and 


increased secretion, indicative of gastritis 
in his opinion. 

It is evident, then, that gastritis may be 
found by the pathologist when it cannot be 
detected by the gastroscopist. I know of 7 
cases of duodenal or gastric ulcer in which 
the gastroscopist specifically stated he 
could see no evidence of gastritis, but some 
gastritis was found by the pathologist. This 
is more apt to be true in the antrum than 
in the body of the stomach, and is best ex- 
plained probably by the fact that the gas- 
troscopic view is less satisfactory in the 
antrum. The occasional failure of gastros- 
copy to diagnose gastritis is -probably of 
no great significance. . 

In 12 of the 16 cases reported above, the 
question of a malignant condition was 
raised. Under such circumstances the diffi- 
culty has always been that once either the 
roentgenologist or the gastroscopist raises 
the question of neoplasm neither one is 
willing to exclude it and the patient must 
then be explored. Even with suitable equip- 
ment for endoscopic gastric biopsy, which 
we do not now possess, positive exclusion 
of malignancy may still be doubtful owing 
to the possibility of obtaining tissue from 
the wrong area. 

In spite of the occasional failure of gas- 
troscopy in the diagnosis of gastritis, we 
have a great deal of pathological evidence 
of its accuracy and specificity in proved 
cases of gastritis occurring with or without 
other gastric disease. Such accurate and 
specific correlation between roentgenologi- 
cal and pathological findings in gastritis is 
lacking. 

BENIGN TUMOR 

Seven proved benign tumors were stud- 
ied, of which 3 were described pathologi- 
cally as adenomatous polyps, 1 polyp, l 
polyposis, I neurofibroma, and i leiomy- 
oma. On three occasions roentgen exami- 
nation and gastroscopy seemed about equal 
twice the roentgen ray was better, and 
twice gastroscopy was better. 

Three times roentgen examination and 
gastroscopy were about equally good. 
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doubtful or incorrect: once (I.S.C., B. M. 
U No. 160436) both methods were roughly 
correct in describing multiple polyps, ? 
malignancy; a second time (A.A., 

U No. 187961) both doubtful in describing 
a large pedunculated tumor mass in the 
antrum probably malignant; and in the 
third case (E.C.T., P.H., U No 33749) 
both incorrect as a i cm. leiomyoma of the 
body of the stomach was thought to be 
scirrhous carcinoma of the pylorus at roent- 



Fig. 14. E.S. (M.G.H. U No. 6073). Gastroscopic 
appearance of long smooth polypoid lesion of 
antrum probably benign, thought to be carcinoma 
by roentgen examination. This proved to be a 
long finger-hke benign polyp. (Reproduced 
through the courtesy of the New England Journal 
of Medicine.) 


gen examination and was not seen at all by 
gastroscopy, 

Roentgen examination was definitely su- 
perior in 2 cases: (i) (A.I.B., M.G.H., U 
No. 218777) reporting very accurately an 
oval lesion on the greater curvature of the 
antrum, possibly leiomyoma or early carci- 
noma. This lesion proved to be an ade- 
nomatous polyp and was not seen at all by 
gastroscopy; (2) (M.K.,P.H.,UNo. 206463) 
roentgen ray reported one or more polyps 
m the lower stomach on the greater curva- 
ture but these were not visible by gastros- 


copy. The pathological report was benign 
adenomatous polyp on the greater curva- 
ture 7 cm. from the pylorus. In these 2 cases 
the superiority of the roentgen examination 



— - -J. xiu. X/UZ4J;. crastroscopic 

appearance of a submucosal tumor thought to be 
benign by pstroscopy. The pathological report 
wp nprofibroma. Roentgen examination at an- 
other institution had reported this as carcinoma 


....v. uimcuities 01 

gastroscopy. 

Twice gastroscopy was more accurate 
than Ae roentgen examination: once (E.S. 
M.G.H., U No. 6073) describing a long 
smooth polypoid lesion (Fig. 14) of the 
antrum probably benign, whereas it was 
bought to be carcinoma roentgenologicallv 
This proved to be a long finger-like beni^ 
polyp. In the other case (T E S P tI 

tion m another city described a card 
noma of the antrum, gastroscopy reported 
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Fig. 16. Roentgen appearance of lesion shown in 
Figure i S- This roentgenogram was taken follow- 
ing gastroscopy and confirmed the gastroscopist’s 
opinion. The first roentgen report in another in- 
stitution had been carcinoma, 

LYMPHOMA 

Five cases of proved lymphoma have 
been studied roentgenologically and by 
gastroscopy. In 3 cases the lesion seemed 
to be quite typical of carcinoma by both 
methods of examination. In the fourth case 
(N.I., M.G.H., U No. 314994) the roent- 
genologist reported a lesser curvature lesion 
consistent with a i inch saddle ulcer as- 
sociated with an unusual type of gastritis. 
This happened to be the first case in the 
United States examined by the flexible 
gastroscope (April 6, 1933), and no defi- 
nite conclusions were reached. The fifth 
case (P.B., M.G.H., U No. 289112) was the 
only one in which lymphoma was men- 
tioned by either method of examination. 
During a seven month period the roent- 
genologist studied this patient eight times. 
On the first examination he described a 
large ulcer at the posterior wall of the 
fundus, possibly benign or malignant, lym- 


phoma to be considered (Fig. 17). On seven 
subsequent examinations he described 
marked swelling of the folds on four oc- 
casions, with no ulcers twice and two or 
three grossly benign ulcers at other times. 
The question of malignant ulcer of lym- 
phoma was mentioned only on the first ex- 
amination. During the same period the gas- 
troscopist made six examinations concluding 
successively as follows; (i) multiple gastric 
ulcers and erosions with hemorrhage; se- 
vere superficial and hypertrophic gastritis 
(Fig. 18); neoplasm not excluded; advise 
House admission; (2) very suspicious of 
carcinoma; exploration should be done un- 
less the Department of Radiology excludes 
malignancy; (3) very severe hypertrophic 
gastritis, probably not malignant; (4) ex- 
tremely severe hypertrophic gastritis with 
multiple gastric ulcers on the greater curva- 



Fig. 17. P.B. (M.G.H. U No. 289112). Roentgen 
appearance showed very thick folds in the fundus. 
Lymphoma was mentioned as a possibility on one 
of eight examinations. Pathological report malig- 
nant lymphoma (see Fig. 18). 
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ture — neoplasm a possibility; (5) unsatis- 
factory due to spasm and secretions — 
“because of repeated occurrences of ulcer- 
ation in various parts of the stomach, I 
believe radical resection will be inevitable;” 
(6) erosions and clots of blood on greater 
curvature but no ulcer demonstrable — very 
severe hypertrophic gastritis with erosion 
and hemorrhage. “I still believe that partial 
gastric resection will be inevitable.” The 
pathology report was malignant lymphoma 
lymphocytic type, with peptic ulceration. 

In considering these 5 cases of lymphoma 
it seems that at the present time the best 
we can hope for is to suspect it occasionally 
as in the last case. The roentgenologist 
based his suspicion on unusually thick 
rugae which he said were “possibly due to 
hypertrophy but there was a possibility 
also that the thickened rugae may repre- 
sent lymphomatous infiltration.” On seven 


subsequent examinations, however, he 
mentioned neither carcinoma nor lym- 
phoma. In five out of six gastroscopies the 
question of malignancy or surgery was 
raised. 

The diagnostic criteria to look for in 
lymphoma may be unusually thick rugae, 
very marked cobblestone mucosa, multiple 
erosions and ulcerations in various parts of 




Fig. 18. P.B. (M.G.H. U No. 28911a). Gastroscopy 
demonstrated multiple gastric ulcers and erosions 
with hemorrhage. The marked cobblestone ap- 
pearance led to a gastroscopic diagnosis of hyper- 
trophic gastritis. Neoplasm, however, was sus- 
pected but lymphoma was not specifically men- 
tioned. The pathological report was malignant 
lymphoma, lymphocytic type, with peptic ulcera- 
tions. (Reproduced through the courtesy of 
Surgery, Gynecelogy & Obstetrics.) 
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case (E.L., U No. 279061), the 

roentgenologist reported a 7 by 5 cm. mass 
arising from a broad base of the lesser cur- 
vature and posterior wall of the fundus of 
the stomach (Fig. 19). The surface was 
rather smooth with one slight lobulation 
and one deep ulceration; first choice, 
leiomyoma; second choice, much less likely 
carcinoma. The gastroscopist described a 
smooth rounded submucosal tumor with 



Fig. 20. E.S. (P.H. U No. 296104). Gastroscopic ap- 
pearance of smooth rounded mass projecting from 
the lesser curvature and posterior wall of the 
antrum thought to be a benign tumor by gastros- 
copy but proved at operation to be carcinoma of 
the pancreas invading the wall of the stomach 
submucosally (see Fig. 21). 

no visible ulceration — probably benign 
leiomyoma or neurofibroma. 

Since the benign neurofibroma previ- 
ously described was also slightly ulcerated 
it would seem that there may be no way 
of differentiating a benign from a malignant 
intramural tumor. In the malignant case, 
however, the tumor was larger and the 
ulceration deeper. Further roentgenologic 
and gastroscopic experience will be im- 
portant. 

METASTATIC CARCINOMA 
In 3 cases a carcinoma of the pancreas 


was proved at operation to have invaded 
the wall of the stomach. In the first case 
(M.B., M.G.H. U No. 270419), the roent- 
genologist found definite rigidity along the 
lesser curvature of the body of the stomach 
and made a diagnosis of a malignant lesion, 
probably carcinoma, involving a large por- 
tion of the body of the stomach. On gas- 
troscopy the instrument met complete ob- 
struction about 2 cm. inside the cardia; this 
obstruction was thought to be probably due 
to neoplasm but no satisfactory view was 
obtained. In the second case (D.J.McC., 
M.G.H. U No. 332957), roentgen exami- 
nation showed marked deformity of the 
antrum, pylorus and duodenal loop prob- 
ably from extrinsic involvement, but carci- 
noma of the pancreas could not be diag- 
nosed. Gastroscopy demonstrated normal 
mucosa and rugae throughout. In the third 
case (E.S. P.H., U No. 396104), several 
preliminary roentgen examinations at an 
outside hospital demonstrated a normal 
stomach. Gastroscopy, however, revealed a 
constant smooth mass about 3-4 cm. in 
diameter covered with normal mucosa, pro- 
jecting from the lesser curvature and pos- 
terior wall of the antrum (Fig. 20). It was 
not ulcerated and peristalsis appeared to 
pass smoothly over it. It was thought to be 
a benign tumor — neurofibroma or leiomy- 
oma. Roentgen examination later con- 
firmed this filling defect without ulceration 
and concurred in the opinion that it was 
likely to be a neurofibroma (Fig. 21). 

In none of these cases did either method 
of examination make the correct diagnosis, 
yet each contributed something in each 
case. In the first case, both methods re- 
vealed an abnormality, the roentgen ex- 
amination being more specific but incorrect 
nevertheless. In the second case, the roent- 
gen ray was more valuable, demonstrating 
a lesion that was probably extrinsic, gas- 
troscopy confirming a normal gastric mu- 
cosa. In the third case the gastroscopist 
first demonstrated a gastric lesion, in the 
face of negative roentgen findings, but his 
conclusions as to the diagnosis were incor- 
rect. 
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NORMAL STOMACH 


Four patients in this series have been 
explored because of the possibility of carci- 
noma but no gastric lesion was found. 

Case 20. R.B. (M.G.H. U No. 53367). Five 
roentgen examinations were done over a period 
of six months, the first being inconclusive but 
suggesting a deep ulcer crater in a carcmoma, 
the second, third and fourth failing to demon- 
strate a carcinoma, but the fifth showing a 
“large irregular filling defect at fundus of stom- 
ach.” Two gastroscopies were done and showed 
gastritis but no tumor. Surgical exploration 
revealed no gastric abnormality. 


Comment. The stomach was not opened 
and a small soft tumor or gastritis might 
therefore have been overlooked, but roent- 
gen examination nine months later was 
negative for tumor though it did show some 
increase in the size of the rugae. 

Case 21. W.D. (M.G.H. U No. 37616). The 
roentgenologist studied this patient on three 
successive days, demonstrating marked swelling 
and slight irregularity of the rugae in the upper 
half of the stomach, more likely a diffusely 
growing neoplasm than a localized hypertrophic 
gastritis. The gastroscopist demonstrated su- 
perficial gastritis and an irregular, slightly 
elevated area bout i .5 inches below the cardia, 
near which there was a papillary nodule, con- 
sistent with early carcinoma. Exploratory 
laparotomy with gastrotomy revealed no evi- 
dence of carcinoma. Biopsy of the gastric 
mucosa was reported normal stomach. 


Comment. Both examiners suspected 
carcinoma which was not found at opei 
tion. Histopathologically there was n 
even any gastritis, though the house offit 
assisting at the operation reported “cc 
siderable hypertrophic gastritis.” Nat 
rally one would question such an obs( 
vation and one would also wonder frc 
exactly what area the biopsy was taken. 

Case 22. M.O. (M.G.H., U No. 28905' 
Several roentgenograms and one gastrosco 
were negative in this case. Exploration v 
done, however, because of a previous lapan 
omy_ at another hospital three months befc 
admission at which time, a small, fairly w 
circumscribed mass was found on the ahter 



riG. 21 


jcoentgen appearance of lesion sliown in 
mgure 20. The first roentgen examination made 
m another city had been reported as normal 
stomach. Roentgen examination after castros 
scopy confirmed the filling defect without ulcera- 
tion and the roentgenologist felt that it was prob- 
ably a neurofibroma. In retrospect, however, the 

of the head of the pancreas could have been made 
because of the extrinsic pressure on the second 
portion of the duodenum as shown in this iiu"! 


........ uc.ir rne pyiorus. Biopsy of 

this mass at that time was reported as a sVwly 
growing adenocarcinoma. At the second explo 
ration there was a rather firm tumor adjacent 
the lesser curvature and posterior wall of the 

repo., being 

Comment. The roentgenologist and ms 
troscoptst were both correct in reporthrfno' 
disease of the stomach. ^ 

Case 23. J.O. (P.M.H. U No t 

this case two roentgen examin.,..' ^ 
ported as showing an irregular a 
near the cardiac orifice for/' ^ 

4 cm. and a diagnosis o?? about 

the cardiac orifice was involving 

was made. Gastroscopy was 
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done by the straight rigid open tube method 
and no tumor was visible at the cardia or in the 
upper stomach. A biopsy was obtained which 
was reported as normal gastric mucosa. In order 
to be absolutely certain, the patient was ex- 
plored surgically by the transthoracic route and 
no tumor was found Roentgen examination two 
and a half years later showed only slight cardio- 
spasm and normal stomach. 

In the above 4 cases the roentgen exami- 
nation and gastroscopy were equally correct 
in demonstrating no disease of the stomach 
in Case 22 , and about equally incorrect in 
suspecting a non-existent carcinoma in 
Case 21. In Cases 20 and 23 the roentgenol- 
ogist diagnosed carcinoma which was in 
fact not present, and which had been ruled 
out as far as possible by gastroscopy. In 
these 2 cases, therefore, the gastroscopist 
was correct and the roentgenologist in- 
correct, but, as previously stated, the ex- 
clusion of a gastric neoplasm by any 
method cannot be absolutely positive. 

DISCUSSION 

It seems fairly obvious that both the 
roentgen examination and gastroscopy oc- 
cupy a very important place in the diag- 
nosis of gastric disease. It has already been 
admitted that evaluation of the relative 
merits of the two methods is somewhat 
arbitrary. It is also unfair because they are 
so different and work so well to supplement 
each other. Theoretically such a compari- 
son should not be attempted but practi- 
cally it is helpful to know Avhere we stand 
and in what types of gastric disease we can 
expect the best results from each method. 
Some of the gastrdscopic errors made ten 
years ago were due to inexperience and 
would not be made today. There has also 
been an improvement in roentgen examina- 
tion of the stomach, notably by the use of 
the relief technique and spot roentgen- 
ograms. It is quite clear from the above 
analysis of cases that by the judicious use of 
both methods greater diagnostic accuracy 
can be obtained than by the use of either 
method alone. 


Gastroscopy is indicated in cases of gas- 
tric pathology where the diagnosis is in 
doubt. Patients with hematemesis or me- 
lena may have negative roentgen findings; 
gastroscopy may show the cause of the 
bleeding to be a severe gastritis with ero- 
sions and superficial ulcerations. Serious 
hemorrhage may come from such a gastritis 
in the absence of other pathologic condi- 
tion. Similarly patients with an otherwise 
unexplained anemia may be found by gas- 
troscopy to have gastric pathology. Lesions 
of the lesser curvature may be benign or 
malignant; the differential diagnosis may 
be impossible by roentgen examination. In 
such cases the gastroscopist may be able to 
make a positive diagnosis. When the ques- 
tion arises as to medical or surgical treat- 
ment in a given case, gastroscopic exami- 
nation may definitely swing the balance 
one way or the other. Cases of pyloric ob- 
struction or pylorospasm may be impossible 
to diagnose roentgenologically; such cases 
should be studied by gastroscopy, for in 
some of them the gastroscopic diagnosis is 
comparatively easy. So it goes, one method 
supplementing the other. Cases difficult to 
diagnose by gastroscopy may be easy 
roentgenologically, and vice versa. Lesions 
high up on the greater curvature may be 
hard to palpate and visualize by the roent- 
gen ray; such cases should have gastros- 
copy, for usually this area is easy to see 
with the gastroscope. On the other hand, 
small lesions close to the pylorus, on the 
lesser curvature of the antrum, high on the 
lesser curvature of the body, and high in 
the fundus may be impossible to see by 
gastroscopy but easy to see roentgenologi- 
cally. The differential diagnosis of hyper- 
trophic gastritis and carcinoma may be 
impossible, but gastroscopy should be done 
as it may be quite definite in determining 
the course to pursue. Finally, many pa- 
tients have gastrpintestinal symptoms with 
repeatedly negative roentgen findings; such 
patients may be erroneously classified as 
gastric neurotics until gastroscopy reveals 
gastritis. 
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Excluding duodenal ulcer we are dealing 
in this report with 10.0 cases of gastric dis- 
ease in which there is a positive pathologi- 
cal diagnosis. Analysis of these cases shows 
the roentgen examination and gastroscopy 
equally correct in 88 (40 per cent); equally 
doubtful in 14 (6 per cent); equally incor- 
rect in 17 (8 per cent); roentgen exami- 
nation superior in 63 (ap per cent); gastros- 
copy superior in 38 (17 per cent). In 50 
cases (21 per cent) the failure of gastros- 
copy was attributable to the mechanical 
difficulties of instrumentation, with conse- 
quent inability to properly visualize certain 
parts of the stomach. If these could be 
overcome the superiority of the roentgen 
examination would be reduced from 63 
cases to 13 (6 per cent) as against the 38 
cases (17 per cent) in which gastroscopy 
was more accurate. This would appear to 
indicate that if the gastroscopist obtains a 
satisfactory view of the lesion he has a 
better chance than the roentgenologist of 
making a correct diagnosis. The finding of 
31 cases (14 per cent) where both methods 
were equally doubtful or incorrect is some- 
what disturbing and indicates that our 
diagnostic methods leave much to be de- 
sired. Fortunately, clinical judgment has 
not been entirely forgotten in these days of 
scientific advancement and the wise phy- 
sician will assemble the available data and 
usually arrive at the proper medical course 
or surgical procedure. 


that in certain instances tlie roentgen ex- 
amination appears to be superior to gastros- 
copy, and in other cases gastroscopy 
appears to be superior to the roentgen ray. 

The roentgen examination and gastros- 
copy were about equal in 54 
the cases, roentgen examination was con- 
sidered superior in 29 per cent, gastroscopy 
superior in 17 per cent. 

The chief causes of failure in gastroscopy 
are mechanical, if mechanical difficulties 
could be eliminated the number of cases in 
which the roentgen examination appears to 
be superior to gastroscopy would be re- 
duced to 13 (6 per cent) as against the 38 
cases (17 per cent) in which gastroscopy 
seemed more accurate. 

From this analysis it appears that if the 
gastroscopist can get a satisfactory view of 
the lesion his chances of reaching a correct 
diagnosis are greater than those of the 
roentgenologist. 

Gastroscopists must therefore strive to 
bring about improvements in the gastro- 
scope so that blind areas may be eliminated 
and biopsies easily taken. 

Greater diagnostic accuracy is attainable 
when both methods are used cooperatively 
than Avhen either method is used alone. 

The proper procedure for the patient is 
all-important and to this end there must be 
close cooperation between the clinician, 
roentgenologist, gastroscopist and pathol- 
ogist. 


CONCLUSIONS 

Two hundred and forty-five cases of 
proved carcinoma, gastric ulcer, duodenal 
ulcer, jejunal ulcer, gastritis, benign tumor, 
lymphoma, sarcoma, metastatic carcinoma 
of the stomach wall, and normal stomach 
have been studied in an attempt to cor- 
relate the roentgen and gastroscopic find- 
ings in each case with the known patho- 
logic diagnosis. 

Although it is unfair to compare the 
roentgen examination with gastroscopy, 
since the latter supplements the former and 
is in no way competitive, it can be stated 


Massachusetts General Hospital 
Boston 14, Mass. 
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SPON DYLOLISTHESIS 

CRITERIA FOR MORE ACCURATE DIAGNOSIS OF TRUE ANTERlOll SLIP 
OF THE INVOLVED VERTEBRAL SEGMENT* 

By COMMANDER L. H. GARLAND (MC) USNR, and 
LIEUTENANT S. F. THOMAS (MC) USNR 

CPONDYLOLISTHESIS is a well known oHsthesis, to slip) is defined as an tenor dis- 
^ and fairly common disorder, which has placement of a vertebral body with solution 
assumed increasing importance in recent of continuity of its posterior arch. Strictly 
years in connection with the care and dis- speaking, the displacement usually involves 
position of military and industrial person- the body plus its transverse processes, 
nel, especially of those claiming disability pedicles, superior articular processes, and 
from lumbosacral backache. The incidence adjacent ventral portions of the laminae. 


in the ordinary population is quite low (per- 
haps 5 per cent of adults), but in large gen- 
eral hospitals, especially those handling 
Army and Naval personnel> its incidence is 


The solution of continuity in the arch is 
nearly always bilateral and usually con- 
sists of sleuder fissures hi the interarlicnlar 
portions of the neural arch. This is the 


comparatively high (as much as lo per cent common type of spondylolisthesis, and may 
of “low back” cases referred for roentgen be termed truespondylolisthesis.Itcanoccur 
examination). almost anywhere in the spine but is most 

The recognition of advanced spondylo- common in the lower lumbar area, involving 
listhesis in middle aged and elderly persons, usually the fifth or last lumbar segment, 
especially women, is relatively simple, and There are various other types of displace- 
the diagnosis may often be made clinically, ment and change in this area which do not 
Indeed, the first reported cases were dis- fit strictly into the classification of true 


covered as obstetrical problems (shortened 
true conjugates).*® Moderate and even 
slight degrees of slip may sometimes be 
correctly diagnosed by the alert ortho- 
pedist. However, the diagnosis of minimal 


spondylolisthesis, but which are sometimes 
confused with it. These include*. 

(a) Anterior dislocation of a lower lumbar 
vertebra^ a fairly rare condition associated 
usually with fractures of the articular proc- 


degrees of spondylolisthesis in early cases esses of this or the adjacent segments, but 


is usually difficult, and often complicated 
by the fact that, while the posterior margin 
of the fifth lumbar body may appear to be 
displaced forward-, its anterior margin may 
be found in normal alignment with the mar- 


sometimes associated with simple luxation 
of the posterior articulations of the 
involved segment. These fractures or dis- 
locations may be on a traumatic or 
pathologic basis (inflammatory disease, 


gins of the adjacent bodies. This may be metastatic neoplasm, degenerative osteo- 
due to the presence of a congenitally fore- arthritis with erosion of facets etc.) 

(u; t-longation of a lower lumbar body 
(localized platyspondyly). The body is 
elongated in the sagittal plane and its an- 
terior (or posterior) margin projects in front 
of (or behind) the normal zone, but the 


shortened fifth lumbar body, and the prob 
lem then arises as to which surface of this 
body should be regarded as the criterion for 
estimating displacement, the anterior or 
the posterior surface. It is in an attempt to 


1 *r • 1 1 iiuiiuHi zone. Dur rh<=^ 

may be congenital or acquired. 

TERMINOLOGY ri ^ lower lumbar body 

SpondyloHathesia (sfoniylos, a vertebra; 


* The opinions and 
Navy Department, 


the sagittal plane; its an- 
viewsset forth in this article are those of the writers anti are nrrr r., j, -j r, 

tne writers, and are not to be considered as reHecting the policies of the 


^7S 
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Fig. I. Normal "rectangular” type of fifth lumbar body. When the body is of this shape, the detection of 
true slip is much simpler than when it is caudally foreshortened (hatchet shaped) or otherwise unusual 
in shape. The term “rectangular” is a relative one, since when measured, most fifth lumbar bodies that 
appear to be rectangular in lateral projections are found to be slightly wedge shaped, the vertical dimen- 
sions of their posterior surfaces being from a to 8 mm. less than the vertical dimensions of their anterior 
surfaces. 


terior margin may be in normal alignment 
with those of its fellows, but its posterior 
margin is from i to several millimeters ven- 
tral to that of the subjacent segment, and 
sometimes ventral to that of the super- 
jacent segment also. In addition to being 
foreshortened, these bodies are often wedge 
or hatchet shaped. There may or may not 
be interarticular defects in the neural arch 
of the involved segment. When there are, 
these cases are often erroneously labeled 
“spondylolisthesis grade i,” when in fact, 
no true slip has occurred. Once labeled such, 
these cases tend to become progressively 
symptomatic. They or their attendant fam- 
ily physician, seeing the word spondylo- 
listhesis applied to their simple anatomic 
lesion, may conjure up tlie clinical descrip- 
tion of the disorder seen in some orthopedic 
textbooks: 

A dimple appears in the back at the lumbo- 


sacral junction; the umbilicus seems very near 
the symphysis, and the arms of the individual 
appear to be extra long. This displacement may 
lead to severe pain in the back, sacro-iliac 
regions, thighs and feet. The roentgenograms 
may show in the lateral view the body of the 
fifth lumbar rotated well down in front of the 
sacrum.* 

In addition to “true” and “false” spon- 
dylolisthesis, there are two other terms 
used somewhat loosely for conditions in 
this area. These are “prespondylolisthesis” 
and “reverse spondylolisthesis.” 

Prespondylolisthesis is mentioned only to 
be condemned. It is a fearsome word, philo- 
logically and psychologically, applied to a 
condition in which there are interarticular 
defects in the neural arch of a vertebral 

* Speed, Kellogg, h Text-Book of Fractures and Dislocations 
Covering Tlicir Pathology, Diagnosis and Treatment. Fourth 
edition. Lea & Febigcr, Philadelphia, 194I, p. iji. 



VoL. 55, No. 3 


Spondylolisthesis 


277 


segment with no forward displacement of 
the anterior portion of that segment. The 
term is unwise because it implies that sub- 
sequent slipping of the body is almost in- 
evitable, and it is confused in the minds of 
many physicians and patients with the true 
entity. It may unfairly restrict or prevent 
proper employment of an individual, and 
result in considerable mental as well as eco- 
nomic hardship to him and his family. Some 
authors use the word "spondylolysis” for 
the condition. We believe that the term 
“neural arch defects without visible slip of 
body” is clearer and preferable. 

Reverse spondylolisthesis is also men- 
tioned to be condemned. The complex term 
is applied to a condition in whiclt a verte- 
bral body lies or appears to lie on a plane 
dorsal to that of its fellows. It is rarely or 
never due to interarticular defects in the 
neural arch, nor associated with true to- 
and-fro slipping. If actually present, it is 
usually a fixed condition, secondary either 
to anomalous development of the articular 


processes or bodies, or to bizarre disease or 
trauma of tlie same. A foreshortened first 
sacral body may cause the last lumbar seg- 
ment to have this appearance. 

ETIOLOGY 

The cause of the forward slipping of the 
involved vertebral segment (along with the 
superjacent spinal column) is presumed to 
be the normal stress of weight of the body, 
in some instances combined with occupa- 
tional strains, trauma, weakening of mus- 
cles and ligaments from age or disease, and 
softening of some of these structures from 
pregnancy — all in the presence of a verte- 
bral segment with a defective neural arch. 

The cause of the defects is still unknown, 
in the majority of instances. It was first 
believed that they were iraianatic in ori- 
gin.®-’® Then, especially because they were 
smooth and symmetrical, a congenital ori- 
gin was postulated.®-® For various and 
valid reasons anatomists cast some doubt 
on this hypothesis, and returned to a 



Fig. 2. "Wedge-Shaped" fifth lumbar body Horizontal type of sacrum. Note that the fifth 1 u V 

IS not foreshortened (retouched). ^ lumbar body 




Fig. 3. "Ilatchet-shaped” fifth lumbar body. This 
type is commonly foreshortened caudally, and 
often results in an appearance suggesting slight 
spondylolisthesis. There is a second type of hatchet 
shape in which the body is foreshortened at its 
upper or cephalic end; this is rare and not a 
source of confusion in the diagnosis of slip. 

trmimatic explanation — infantile or birth 
traumata with actual fractures or local 
osteochondral vascular disturbances of the 
neural arch. Some are undoubtedh^ due 
to adolescent or adult injuries of an unusual 
type. It is conceivable to us, but naturally 
very difficult of proof, that sh'atn or defi- 
ciency fractures may explain many cases, 
especially in the presence of suitable ana- 
tomic conditions. The latter would include 
a congenitally slender isthmus plus a poor 
blood supply. The critical nature of the 
blood supply to the neck of the femur is 
well known. It is quite possible that in 
some individuals the vascular supply of the 
interarticular areas of the neural arches of 
the lower lumbar A'^ertebrae is equally criti- 
cal. If so, this would explain the failure of 
fractures in these areas to unite readily, 
and hence the permanent clefts. 


Fig. 4. Caudally foreshortened fifth lumbar body. 
This is the type which may result in an erroneous 
diagnosis of spondylolisthesis when neural arch 
defects are present. 

PATHOLOGIC CLASSIFICATION 

The pathology may be considered under 
four stages: minimal, early, moderate and 
advanced. Most of the cases Ave have seen 
in .the last two years in Naval Hospitals are 
classifiable as minimal. Many of these have 
been discharged from service; some re- 
turned to duty, often limited duty. 

These minimal cases show a defect in one 
or both halves of the neural arch (usually 
both) of a lower lumbar A'-ertebral segment. 
The posterior one-third of the segment is 
retained in more or less normal alignment 
(by the various spinal ligaments attached 
thereto, the capsular, interspinous, and 
supraspinous ligaments). The anterior two- 
thirds of the segment show a forward dis- 
placement of I or 2 mm., sometimes in- 
creasing in the erect position* or with heavy 

* Some authors stress that recumbent lateral pro)ections shouhi 
he made with thelcgs cxtmdcdf instead of the usual slightly flexed 
j'osition. After making projections in both poses in a scrlc.s of 
cases, we abandoned the extended one because (<7) there was no 
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Fig. 5. Generally foreshortened fifth lumbar body. This type also leads to an erroneous diagnosis of spondylo- 
listhesis. Its posterior surface lies on a plane anterior to that of the first sacral, but its anterior surface is 
not truly displaced. Note that the sacrum is of the vertical type. 


weight bearing. There may be slight pos- 
terior narrowing of the subjacent inter- 
vertebral disc. There are usually no osteo- 
phytes on the anterior superior margin of 
the subjacent vertebral body, nor sclerotic 
changes in its superior horizontal surface. 

When the arch defect is unilateral, the 
involved body may, if it slips at all, rotate 
slightly to the unaffected side, rather than 
forward; this we have seen only once. 

In addition to the cleft or clefts in the 
neural arch, there may be one in the spin- 
ous process; one or more of the articular 
processes may be aplastic, and other 
anomalies may be present. Incidentally, 
such associated findings, when present. 


significant change in the lumbosacral angle in most cases and {b) 
motion was difficult to eliminate in extension. Other authors stress 
that er^ct lateral projections should be made as a routine; such 
erect \iews are of value m demonstrating gliding in some cases, 
but are really iiecessnty onl) in cases with established arch defects 
and qnestionahh slip. 


have lent support to the hypotliesis of a 
congenital origin for the interarticular de- 
fects, despite anatomists’ objections that 
there is no developmental reason for them. 

The arch defects may involve hoo ad- 
jacent lumbar segments in a strikingly 
similar manner— smooth, slender, oblique 
fissures in the interarticular portions of the 
fourth and fifth lumbar segments, or other 
adjacent segments, without associated evi- 
dence of trauma.'*’^^’!® 

At the other end of the pathological scale 
are seen the advanced cases, as first de- 
scribed by Killian^o in 1853*, and beauti- 
fully illustrated in the classical monograph 
of Neugebauer^s in 1882. The advanced 
cases show marked forward displacement 
and sometimes downward tilting of the in- 


t.oned by Herb.neau .n ,782. RoUtanski in 1839 »nd Belloc m 
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volved vertebral segment, variable degrees 
of thinning of the subjacent disc, sclerosis 
of the superior surface of the slipped body, 
gross distortion of the neighboring liga- 
ments and other soft tissues (including 
variable degrees of stretching or compres- 
sion of the segmental spinal nerves). There 
is usually much new bone formation on 
both the first sacral and fifth lumbar bodies. 
The slipped body may even overlap the 
mid-sacrum. 

In the intermediate stages (early and 
moderate) the changes are correspondingly 
less or more marked, depending in part on 
the amount of associated, coincidental 
trauma, the physiological status of the pa- 
tient, and the presence or absence of com- 
plicating inflammatory disease. 

The fifth lumbar body is sometimes ab- 
normal in shape (shortened, markedly 
wedged, or hatched shaped). The fore- 
shortening is usually on a congenital basis. 
The wedge shape is nearly always similar 


in brigiri and often accompanied by a hori- 
zontal type of sacrum. The hatchet shape 
may be congenital or acquired, the latter 
developing especially in cases of long- 
standing true slipping. 

DIAGNOSIS 

The diagnosis of minimal or early cases 
of spondylolisthesis is largely a roentgeno- 
logical problem. The essential criteria for 
the establishment of a diagnosis of true slip 
are the roentgen demonstration of (a) un- 
equivocal forward displacement of a verte- 
bral body, in the presence of (^) a defect, 
or defects, in the interarticular portions of 
the neural arch of that segment. 

The first requires a correctly positioned 
and exposed lateral roentgenogram of the 
lumbosacral spine, made sometimes in the 
erect as well as the horizontal position 
(since some slips are evident only in the 
erect position). The second requires oblique 
projections of the lumbosacral area made 



Fig. 6. Neural arch defects in the fifth lumbar, without slip. By former standards, relying on the plane of 
the posterior surface of the fifth lumbar, a grade 1 spondylolisthesis would be reported in a case of this 
type. Close inspection reveals that the fifth lumbar body is foreshortened, and that its anterior margin is 
uot displaced. 




Fig. 7. Neural arch defects in the fifth lumbar, with slip. Spondylolisthesis, partial grade i, slip about 4mm. 
Fig. 8. Same case as Figure 7, showing use of rectangular test line. In this case, the anterior inferior edge of 
the fifth lumbar body crosses the test line (instead of lying from i to 5 mm. behind it). This is a fairly 
reliable index of true slip, subject to the anatomical restrictions mentioned in the text. 

with the patient at the optimum angle to its superior surface tends to be horizontal 
show his particular defect, an angle found and give good support to the spine in the 
only by trial and error, but usually in the erect position; when the sacrum is of the 
range of 35° to 50° with the horizontal. The “horizontal” or sharply angulated type (in 
defects may be visible in the anteropos- reference to the lumbar spine), its upper 
terior views, but should always be con- surface naturally gives less support to the 
firmed by oblique projections, except in ad- spine above, and more readily allows a 
vanced cases. slipping fifth lumbar body to glide forward. 

In addition to the above criteria, the fol- Conversely, in patients with a horizontal 
lowing findings are sometimes of value, es- type of upper sacrum, the more easily will 
pecially in the more advanced cases, and such a slip be detected in routine antero- 
may be seen in routine anteroposterior posterior roentgenograms, 
views : (c) overlapping of the shadows of the 

transverse processes of the involved seg- discussion 

ment on those of the subjacent one, {d) ob- Upon what criteria can the detection of 
scuration of the margins of the involved slight forward slipping of a fifth lumbar 
body; this body may be “invisible” in the body be based? If the posterior edge of this 
anteroposterior view or may show as a body is forward in relation to the posterior 
crescentic shadow overlying the subjacent margins of the first sacral body, but its an- 
one (Brailsford’s “bow” line), (e) appar- terior margin is not displaced’ is there a 
ently increased density of the fifth lumbar true slip? We believe that there is 7iot for 
body, owing to the overlapping. ^ . the following reasons: Examination of the 
Ihese latter findings will be enhanced m roentgenograms of the lumbosacral spine of 
subjects with an acute lumbosacral angle, many hundred individuals with and with 
When the sacrum is of the “vertical” type out backache discloses the fact that a small 
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but significant percentage of persons haA'^e 
a foreshortened fifth lumbar body, and, ap- 
parently, relatively elongated pedicles. 
When no arch defects are present, this ana- 



Fig. 9. Neural arch defects, with slip (spondylolis- 
thesis grade ii). Note the overlapping of the 
shadows of the fifth lumbar transverse processes 
on those of the first sacral; the obscuration of the 
outlines of the fifth body; the apparent increased 
density of the fifth body, and the angulation and 
crowding of the laminae and spinous processes of 
the lower lumbar vertebrae — all indirect signs of 
slip in the anteroposterior projection. 

tomic variation is usually overlooked, or at 
least not mentioned. However, when arch 
defects are present, the attention of the ex- 
amining roentgenologist tends to be focused 
on the associated problem — slipping. He 
then notes the apparent displacement of 
the fifth body (as judged by its posterior 
margin), ignores the absence of displace- 
ment of its anterior margin, and reports 
“spondylolisthesis, grade i.” 

Anterior Margin Displacement. What are 
the criteria for determining forward dis- 
placement of the anterior margin of a lum- 
bar body? In the case of segments above 
the fifth, the problem is usually simple: one 
can usually employ the anterior margin of 
the subjacent lumbar body as a base line. 
However, in the case of the fifth lumbar 
body, a base line or norm is difficult to es- 
tablish. .After trial of various methods, we 
decided on the use of a line drawn perpen- 
dicular to the upper surface of the first sac- 


ral body, at its anterior superior margin. 
W^e found that in all normal individuals 
(that is, persons without spondylolisthesis, 
etc.) the anterior inferior margin of the 
fifth lumbar body lay from i to 8 mm. 
hind this line. In persons with fifth lumbar 
bodies of normal length and any definite 
degree, of spondylolisthesis, the anterior in- 
ferior margin of the displaced body always 
touched or lay in front of this line. 

On reviewing the literature, we find that 
this line was reported over twenty years 
ago by Ullmann^** but has apparently not 
been generally used. Capener,'" Brailsford,^ 
and Mitchell*® reported somewhat favora- 
bly on its use; Glorieux and Roederer,® 
Bowman and Goin^ unfavorably. Its de- 
lineation requires adequately exposed, true 
lateral roentgenograms, centered over the 
lower lumbar spine and preferably at a dis- 
tance of at least 36 inches. In a minority of 
cases the line may be difficult or impossible 
to establish because of one or more of the 
following reasons: 

(i) The anterior superior margin of the 
first sacral segment may have a blunt, 
rounded profile. 

(a) This margin may have an osteophyte 
on it. (Actually, this complication is unu- 



Fig. lo. Lateral projection of same case as Figure 9, 
showing neural arch defects, molding of the in- 
ferior surface of the fifth lumbar, thiniiing of the 
disc, sclerosis of the adjacent body margins and 
rounding of the superior surface of the first sacral. 
The test line is never required in gross cases of 
this type. 
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Fig. II, and B. Spondylolisthesis grade i, partial, slip about 2 mm. This case is shown to ilhistr.ite the 
fact that many cases of slip with apparent unilateral arch defects can be shown to have bilateral defects 
if adequate study is made. The defect in the left side of the neural arch is visible in the anteroposterior 
view (yf) but not that in the right (B). 


sual in the minimal or early cases of olis- 
thesis, which are the only ones in which 
the vertical test line assumes any impor- 
tance. In patients with such degrees of slip 
that the first sacral segment shows new 
bone production, the question of definite 
diagnosis rarely arises.) 

(3) The superior surface of the sacrum 
may be convex, concave or sinuous in pro- 
file, and the base line may be difficult to 
establish. In such cases one uses the an- 
terior and posterior edges of the segment 
and draws a line between them. The per- 
pendicular test line is then erected on the 
anterior end of this line. 

(4) When the sacrum is of the extremely 
horizontal type, its superior surface is al- 
most vertical, and the resultant test line 
may be deceptive. In such cases its use be- 
comes of doubtful validity. 

(5) A markedly wedge-shaped last lum- 
bar disc (narrow posteriorly and wide an- 
teriorly) may produce similar complica- 
tions. 


(6) Finally, a fifth lumbar body with un- 
usually flared lower margins may, even in 
the absence of any arch defects, give a 
“positive” result in the presence of a ver- 
tical type of sacrum. 

Despite the above complexities, the ver- 
tical test line may be established in the ma- 
jority of correctly made lateral roentgeno- 
grams of the lumbosacral spine, and true 
ventral displacement of the fifth 'lumbar 
body may usually be diagnosed when the 
anterior inferior margin of the body with 
neural arch defects lies anterior to it."^ 
Posterior Margin Ptisplacement. The pos- 
terior margin of the fifth lumbar body in 
most normal individuals bears a linear re- 
lationship to that of the first sacral. A 
smooth, continuous curved line will result 
from joining their respective upper and 
lower posterior edges. However, in a small 


j practice, we mark with wax pencil the 

anterior and posterior margins of the upper surface of Si and the 

™ ^5 on the UtLl film ThL we use a 

5 A7 inch him makes a convenient test “ruler.” 
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Fig. 1 1, C and D. Left posterior oblique views (about 40°) showing large gap in left neural arch of same case. 


but definite percentage of individuals the 
fifth lumbar body will show variations in 
shape and-si2e which render quite void the 
use of -these landmarks to determine slip. 
Most of these individuals have a fore- 
shortened fifth lumbar body. The body may 
be foreshortened generally or just in its 
caudal half. As a result, its posterior in- 
ferior margin will lie on a plane ventral to 
that of the first sacral, and the physician 
glancing' casually at the roentgenogram 
will conclude • that a grade i spondylo- 
listhesis is present. The proof, in such cases, 
that slip is not actually present is obtained 
from the fact that the anterior edge of the 
body is not in front of the perpendicular 
test line. 

Conversely, it is to be recognized that 
slip might be present (the anterior inferior 
edge of the fifth lumbar crossing the test 
line), but the posterior margin of this body 
appear to be in alignment with that of the 
first sacral. This could occur in very rare 
cases of platyspondyly of the last lumbar 
segment, or could apparently be present 


when new bone production results in for- 
mation of a spur or ridge on the posterior 
inferior margin of the body of the fifth 
lumbar body. We have seen examples of 
the latter, but not of the former. 

The foreshortened fifth lumbar body is 
often associated with a wedge or hatchet 
shape in profile view. In long standing cases 
of olisthesis, it is quite coinmon to see com- 
pression of the posterior and inferior sur- 
faces of the fifth body, as a result of re- 
peated gliding traumata. The associated 
bony changes (sclerosis, osteophyte produc- 
tion, etc.) will nearly always serve to dis- 
tinguish this acquired hatchet shape from 
the true congenital type. The important 
element in the disturbed shape is the fore- 
shortening of the caudal half of the body. 

We studied the lumbosacral spine roent- 
genograms of 170 consecutive cases in an 
effort to establish data for measurement of 
this foreshortening, comparing the respec- 
tive lengths of the last lumbar and the first 
sacral bodies. The subjects were mostly 
white males, between the ages of eighteen 
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and forty years, of average height and 
weight (that is, theie were no grossly over- 
weight individuals, and no skeletal fieaks 
in the group). About 10 per cent of them 
were females. The following facts were 
found: 

(a) The length of the fifth lumbar body: 
There were 61 cases in which the inferior 
margin of the fifth lumbar body was from 
1 to 10 mm. shorter than that of the su- 
perior margin of the first sacral body. 
Counting only those cases in which the dif- 
ference in length was 3 or more millimeters, 
there were 25. That is, approximately 15 
per cent of the group showed notable and 
potentially significant foreshortening of the 
fifth lumbar body. 

There were 36 cases in which the two 
margins were identical in length. 

There were 73 cases in which the inferior 
margin of the fifth lumbar body was from 
1 to 4 mm. longer than the first sacral. If 
we include only the cases with a difference 
of 3 or more millimeters, there were 23. 


That is 13 per cent of the group showed 
slight elongation of the fifth lumbar. None 
of this particular gioup showed any signifi- 
cant degree of platyspondyly. 

(b) The shape of the fifth Ivimbar body : 
There w'ere 146 cases with a normally “rec- 
tangular” fifth lumbar body, and 24 cases 
(14 per cent) with a more or le.ss hatchet- 
shaped body. Actually, most fifth lumbar 
bodies that “look” lectangular in lateral 
pi ejections are found by measurement to 
be slightly wedge shaped, i.e. the veitical 
dimensions of their posterior margins are 
fiom e to 8 mm. less than the vertical di- 
mensions of their anterior maigins, hut they 
are not caudally foreshortened. It is this fore- 
shortening (either caudal or general) that 
causes confusion in the diagnosis of slip, 
and that produces the appearance we term 
“hatchet shaped.” 

In an attempt to establish figures that 
might be of value in determining fore- 
shortening, the sagittal lengths of the in- 
ferior margins of the fourth and fifth lum- 





I 

i 




Fig. II, E 



and F Right posterior oblique views (£ at about 40°, F at 60°) 1 r 

of .he „e„„l arch ,s oriy v.a.ble i„ the s°i,™ a. ± ' 


case as preceding. 


in the right side 
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bar bodies and of the superior margins of 
the first sacral body were recorded in mil- 
limeters directly on lateral roentgenograms, 
made at 36 inch distance. In 3 cases, mul- 
tiple lateral exposures were made, centering 



Img. II, G. The fine cleft in the right side of the 
neural arch is slightly retouched. Same case as 
preceding. 


at the mid-lumbar, the lower lumbar and 
finally the upper sacral planes. These vari- 
ations in centering did not produce signifi- 
cant alterations in the recorded measure- 
ments. The figures obtained are given in 
Table I. 


It is evident that when the fifth lumbar 
body has a conventional shape, it tends to 
be of the same length as the first sacral, but 
that when it has a hatchet shape, it tends 
to be on average 2.2 mm. shorter. It is note- 
worthy that this foreshortening is also 
evident on comparing the length of the fifth 
body with that of the fourth. Therefore, the 
presence of a hatchet-shaped body gives a 
visible clue to the presence of potentially 
significant foreshortening. 

(c) The relative of the fifth lum- 
bar body: The question of true slip and 
pseudo slip was next analyzed. In the entire 
group of 170 cases, there were 20 with bi- 
lateral defects in the neural arch of the fifth 
lumbar (12 in the group with normal-shaped 
bodies, 8 in the group with hatchet-shaped 
bodies). Of these 20 with defects, only 8 
showed spondylolisthesis according to our 
criteria (i.e. forward displacement of the 
fifth lumbar body as judged by the location 
of its anterior as well as its posterior mar- 
gins). But. had we been guided by generally 
accepted procedures, and used the posterior 
margin of the fifth lumbar as the main 
criterion, /j of them would have been clas- 
sified as grade i olisthesis. 

The relation of the -pei'p^ndicnlar test line 
to the anterior inferior edge of the fifth lumbar 
body was as follows (all measurements in 
millimeters directly on 36 inch distance 
lateral roentgenograms (Table ii). 

The relationship of the posterior edge of the 
fifth lumbar to that of the first sacral body was 
also recorded directly on the roentgeno- 
grams in millimeters. The results shown in 
Table in were obtained. 


Table I 


Group 

Length of Margins of 

Average 

Maximum 

Minimum 

Normal-shaped bodies (L 5 ) 

L 4 inferior 

45.6 

S 8 

36 


L 5 inferior 

44.12 

55 

35 


Si superior 

44 -S 

5^i 

37 

Hatchet-shaped bodies (L 5 ) 

L 4 inferior 

44-4 

50 

39 


L 5 inferior 

42.2 

50 

37 


Si superior 

44-4 

52 

37 
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In the foregoing discussion and, indeed, 
throughout most of this paper, the expres- 
sion fifth lumbar vertebra is used to con- 
note the last free lumbar segment. Other 
things being equal, similar remarks would 
apply to either the fourth or sixth lumbar 
segment, in cases with that number of seg- 
ments, and m whom the pioblem of deter 
mining slip arose. It is for purposes of 
simplicity that the term “fifth lumbar” has 
been adhered to throughout. 


Table II 


Perpendicular Test Line in 
Group Front of Anterior Inferior 

Margin of Fifth Lumbar 

Average 

Max. Min. 

In 150 cases without 

arch defects 3.6 mm. 

8 3 

In 12 cases with arch 
defects but no true 
slips 2.0 mm. 

5 0 

In 8 cases with arch 
defects, and true 
olisthesis —3.0 mm. 

-9 0 


In cases with spondylolisthesis of a verte- 
bral segment proximal to the last free lum- 
bar segment (usually the third or fourth 
lumbar body, in patients with the normal 
number of lumbar segments), the problem 
of detecting slip is much easier, except when 
the subjacent disc is extremely wedge 
shaped and the superior horizontal surface 
of the subjacent body tilted downwards an- 
teriorly to a marked extent. In the latter 
event a perpendicular test line may be of 
use. The apparent length and shape of the 
involved body should always be noted 
(since the third or fourth lumbar body may 
itself be hatchet shaped and foreshortened). 

It is interesting and noteworthy that a 
foreshortened lumbar body, in the absence 
of olisthesis, is usually correctly aligned an- 
teriorly; its posterior margin is almost in- 
variably the one which is out of line, being 
ventral to those of its fellows. 


Tabi.k 111 


Kclation of I’o.stcriar Surface of 
Group Fifth Lumbar to Posterior Fcige 
of Inrst Sacral 


In 1 50 cases with- i io showed normal alignment 
out arch defects 10 were anterior to Sr (s-3 
mm.). That is, these cases had 
foreshortened bodies and would 
have been erroneously labeled 
-slips if defects had been present 
(pseudospondyloVistbcs’ts) 

30 were posterior to Si (i-7 
mm.). That is, these cases had 
slightly elovgaled bodies or anom- 
alous facets were present. 
Some would call them "reverse 
spondylolisthesis” had arch de- 
fects existed 

In 12 cases with 5 were anterior to Si (2-3 mm.), 
defects, but no The bodies were foreshortened; 
true slip there was no visible displace- 

ment anteriorly (no true slip) 

In 8 cases with 

spondylolisthesis 8 were anterior to Si (2-9 mm.) 
(7 grade i , 

1 grade ii) 


Meschan* has recently reported an improved 
method of posterior margin mensuration using two 
lines; the first line is dmwn from the posterior in- 
ferior margin of the body above the suspected seg- 
ment of the posterior superior margin of the body be- 
low that segment; the second line joins the posterior 
superior and posterior inferior margins of the sus- 
pected segment. These two lines may form an .angle 
or lie parallel with each other, h'leschan believes 
that slip is present (n) when an angle is formed with 
the apex falling above the involved body (and not 
present when it falls below tliat body), and (b) when 
the lines are parallel but separated 4 or more milli- 
meters. He classifies an angle of less than 10° as 
slight slip, ii°-20° as moderate and over 20° as 
severe. If erect lateral roentgenograms (made in 
neutral or hyperextended posture) reveal an in- 
creased angle he regards the lumbosacral angle as 
“unstable." 

The reliability of these lines were checked by the 
author with the following results: 

(i) In 7 cases of definite slip (mostly partial grade 
i) the angle was positive in all; however, the classi- 
fication as to degree of slip did not agree with con- 
ventional ones; in 3 cases of only s/igbe slip (of about 

Meschan, 1. Spondylolisthesis, Am. J. Roentgenol. & Rad 
Therapv, tg-is.sj, 330-243. 
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2, 3 and 9 mm. respectively) the angle measured 
moderate slip (15°, 11° and ia°). 

(2) In 6 cases of unilateral or bilateral arch defects 
without slip, the angle was positive in i and parallel 
lines were 5 mm. apart in 2; of these cases, 2 had 
foreshortened fifth lumbar bodies. 


of 18 cases a negative “Meschan” test was found to 
be reliable in excluding slip in 7, but a positive test 
appeared to be somewhat unreliable in ii. Of these 
II “positives” only 7 had demonstrable slip by oiir 
standards; the test was therefore unreliable in about 
one-third of this small group of cases, ■ ■ 




Fig. 12. Diagram to illustrate the use of the right-angle test line. 

neural arch defects without slip. Note that the anterior margin of the fifth lumbar body lies about 
3 mm. behind the test line. 

5, neural arch defects without definite slip. The body of the fifth lumbar does touch the test line but 
its posterior edge is not significantly out of line and none of the other findings of olisthesis (see text) are 
present. Occasionally, cases of this type can be shown to slip slightly in the erect position, 

C, spondylolisthesis, partial grade i. The anterior margin of the body of the fifth lumbar crosses the test 
line. 


(3) In 5 cases without defects, the angle was nega- 
tive in 4 and positive in i (10°!); the latter was a 
case with an unusuall)' greatly foreshortened fifth 
lumbar body. 

In summary in a small but carefully studied series 


General Data on Spondylolisthesis. The 
following additional statistical data bear oh 
the genera] problem of spondylolisthesis and 
are noted here for the reader’s information: 


Table IV 

VERTEBRAL SEGMENT INVOLVED IN SPONDYLOLISTHESIS* 


Number Percentage Incidence of Involvement Per Lumbar Segment 
Reference of 



Cases 

5t 

4 

3 

2 

I 

5 and 4 

3 and 2 

Willis « 

79 

91 

5 

I 

0 

I 

3 

0 

Burckhardf’ 

6 .T 

73 

17 

yy 

0 

0 

0 

5 

2 

Garland' 

38 

74 

18 

0 

0 

0 

3 

0 

Garland and Thomas 

8 

87 

13 

0 

0 

0 

0 

0 

(present paper) 
Meyerding” 

583 

82 

II 

0.5 

0.3 

0 

4.4 

(doubieP* 


• It is probable that some cases of or pseudo-spondylolisthesis are included in Willis*, Burckhardt*s and Meyerding’s figures. 

Our figures, in this tabic, list only cases of true slip as defined in this article, 
t Or of last free lumbar segment. 

•• Exact location not specified. 
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Incidence of neural arch defects: Ap- 
proximately 6 per cent of human skeletons 
(Willis^®). Steward' found them in 20 per 
cent of Eskimo skeletons. They are seen 
more commonly in persons with an in- 
creased number of presacral segments. We 
found them in 11.7 per cent of our series of 
170 cases referred for lumbosacral spine ex- 
aminations. Several were difficult to dem- 
onstrate and might have been overlooked if 
we had not been interested in the problem 
involved. 

Anatomical location of the olisthetic seg- 
ment: About 80 per cent involve the fifth 
lumbar vertebra; most of the remaining 20 
per cent involve the fourth. Isolated cases 
have been reported involving the third, 
second and first lumbar bodies, respectively 
(Burckhardt, Willis, and others).'*-”-*® 
There are occasional cases of double dis- 
placement of two adjacent lumbar seg- 
ments. Independent of the present series, 
we have seen one double slip of the fourth 
and fifth lumbar, and one isolated slip of 
the second lumbar. 

Arch defects; In about 95 per cent of true 
olistheses the neural arch defects are bilat- 
eral; In the remainder the defects are or 
appear to be unilateral. The figures in the 
literature ® are 75 per cent bilateral defects, 
25 per cent unilateral; this has not been our 
experience. By making additional oblique 
projections at different angles we believe 
that most apparently unilateral cases will 
be found to be bilateral, at least, in cases of 
true slip. 

Age factor; Until recent years some 50 
per cent of cases were first noted in the 
third and fourth decades. Data from vari- 
ous military hospitals (including our own) 
suggest that this figure will soon be revised 
to read about 80 per cent of cases in those 
decades. The majority of the remainder oc- 
cur in the ensuing decades. Kleinberg** re- 
ported in 1933 that there were no cases on 
record under the age of ten, but the next 
year he reported i case in an infant of 
seventeen months (grade 11, discovered in- 
cidentally).^- In 1940 Hitchcock® saw a case 


of neural arcli defects without slip in a pa- 
tient aged four. 

Sex factor: Spondylolisthesis was once 
considered a predominantly female disorder. 
Recent literature gives a ratio of 76 per 
cent in males to 24 per cent in females. It 
is probable that the true ratio is closer to 
50-50 (see also Hitchcock).® 

Degree of slip:: According to the litera- 
ture, some 30 per cent of cases show a 
grade i displacement (Meyerding).*'’’ Using 
our criteria we believe that the figure is 
closer to 80 per cent. Age and occupation 
will doubtless influence this element con- 
siderably. The older the patient, the greater 
the occupational or physiological strain 
(heavy work, multiple pregnancies), the 
higher the incidence of grade ii and in .slips. 
Grade iv slips are relatively rare, although 
several are on record. 

SYMPTOMS 

This highly controversial aspect of the 
subject will not be dealt with in the present 
paper, which is concerned essentially with 
the more accurate diagnosis of early cases. 
Suffice it to say that experienced roent- 
genologists and other physicians have re- 
ported extreme degrees of spondylolisthesis 
(grade iv) in persons without any symp- 
toms referable to the spine or legs, while, 
on the other hand, some orthopedists have 
attributed “severe disabling symptoms to 
very slight degrees of slip” (grade 1).* It is 
our peisonal impression^ based on private 
practice, previous general hospital and cur- 
rent naval hospital experience, that the 
vast majority of grade i lesions are }wt 
symptomatic. 

SUMMARY 

The roentgen diagnosis of spondylolis- 
thesis should only be made when the verte- 
bral body under suspicion can be shown to 
be actually displaced anteriorly in relation 
to the subjacent one. 

The essence of olisthesis or slipping is 



290 


L. H. Garland and S. F. Thomas 


March, 1946 


that the whole vertebral body, and not just 
its posterior surface, is displaced anteriorly. 

The confirmation of such displacement is 
aided, in early and minimal cases, by meas- 
uring the distance from the anterior in- 
ferior margin of the suspect segment to a 
line drawn perpendicular to the anterior 
margin of the subjacent uninvolved one 
(called the perpendicular test line). If the 
apparently displaced body does not touch 
or lie anterior to this line, it is not truly 
displaced, in the vast majority of instances. 
If the displaced body does cross it, a slip is 
virtually always present. 

The reason why spondylolisthesis grade i 
is frequently reported, when it is not actu- 
ally present, is that the body of the fifth 
lumbar (or involved segment) is fore- 
shortened, so that while its posterior edge 
lies ventral to that of the subjacent seg- 
ment, its anterior edge actually does not. 

In view of the serious psychic and eco- 
nomic hazards sometimes ensuing from the 
use of the term spondylolisthesis, and im- 
plied (to inexperienced minds) by the term 
prespondylolisthesis, we believe neither 
diagnosis should be made casually. 

If a true slip is present, it should be re- 
ported and the approximate degree of slip 
recorded in mm. (the term grade t, popu- 
larly applied to slips involving up to one- 
fourth the sagittal diameter of the upper 
surface of the first sacral body, covers such 
a wide range that its usefulness is limited; 
if used, it should be qualified by words such 
as “partial” or “complete,” and tlie ap- 
proximate number of millimeters of slip 
noted). 

If neural arch defects exist but no true 
slip is present) it would be correct to record 
the defects (e.g. “bilateral fissures in the 
neural arch of the fifth lumbar without 
visible displacement of the body”) and omit 
the term prespondylolisthesis, especially 
since the case may never actually progress 
to slipping. 

In a review of 170 consecutive lumbo- 
sacral spine roentgen examinations (made 
in reference to claimed backache or injury), 
it was found that 25 persons or 14.7 per 


cent had more or less Jorshortened last lum- 
bar segments. In 15 of these no neural arch 
defects were present, but the posterior edge 
of the last lumbar body lay from 1 to 3 mm. 
ventral to the plane of that of the first sac- 
ral. In the other 9, arch defects were pres- 
ent, but in only 4 was the anterior 7 nargin of 
the fifth lumbar body ventral to the test 
line (that is, only 4 of the 9 showed true 
spondylolisthesis). There were an ad- 
ditional 4 cases of true slip with bodies of 
“normal” shape and length. 

The remainder of the 170 cases, or 85.3 
percent, had last lumbar bodies that were 
either normal in shape and length or, in 
some instances, a little elongated, so that 
their posterior margins lay on a plane 
slightly behind that of the first sacral. 

It may be stated that, in general, if the 
fifth lumbar body is normally “rectangular” 
in shape, and proportionate in size to its 
adjacent segments, there is a slip (olis- 
thesis) only when its anterior margin 
reaches or passes the perpendicular test line 
drawn from the first sacral. 

If the fifth lumbar body is foreshortened 
(especially caudally), and its shape in 
lateral projection is hatchet like, the re- 
lation of its posterior margin to that of the 
first sacral camiot be relied upon for the de- 
tection of slip. In extreme cases of fore- 
shortening, its anterior margin might be 
equally unreliable, but such cases are very 
rare, since, as we have shown, the anterior 
margin of a foreshortened body is almost 
always correctly aligned anteriorly. Hence, 
strictly speaking, neither the anterior nor 
the posterior margin measurements are 
criteria in all cases, but, in the vast ma- 
jority, the anterior margin measurements 
are the more reliable. 

450 Sutter St., 

San Francisco 8, Calif. 
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INTRODUCTION 

B ackache has been the subject of 
numerous roentgenographic studies. 
Injuries, faulty posture, congenital anom- 
alies and disease have been described as 
causes of low back pain but there are many 
instances of backache in which no anatomic 
abnormality can be found. Conversely, 
roengenograms of the lumbosacral region 
made for reasons other than for backache 
have disclosed defects and variations which 
do not cause symptoms.^-®'^^’'^ As the 
part of an investigation into the causes of 
backache among military personnel, loo 
soldiers were examined as controls. The 
purpose of this paper is to present the 
abnormalities found in the roentgenograms 
of the lumbosacral region of this group. 

MATERIAL 

The subjects examined were all males 
between the ages of nineteen and thirty- 


lumbar spine and sacrum in anteroposterior 
and lateral projections; (2) a roentgeno- 
gram made with the roentgen tube tilted 
cephalad at a 30 degree angle to show the 
sacrum, sacroiliac joints and the relation- 
ship of the transverse processes of the last 
lumbar segment to the lateral masses of 
the sacrum; (3) roentgenograms made in 
right and left semilateral projections with 
the subject rotated 30 to 45 degrees, for 
visualization of the laminae of the verte- 
bral arches and the articular processes with 
their facets (Fig. 1). All of the roentgeno- 
grams were studied by each of us. In cases 
where there was any doubt as to the nature 
of an abnormality, stereoscopic roentgeno- 
grams and roentgenograms made in other 
projections were obtained for further study. 
Table 11 contains the details of the ana- 
tomical variations found in the roentgeno- 
grams of the entire group. Table iii sum- 
marizes the principal abnormalities. 


Table I 


Age 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

Number 66588497793727121241I 


nine years with an average age of 26.6 
years. The age distribution is seen in 
Table i. With few exceptions these men 
had been subjected to strenuous military 
training and some had been in combat. 
Each was carefully interrogated with 
reference to back pain, recent or old, and 
any history of trauma to any part of the 
back. Only those who never had backache 
or suftered an injury to the back were 
included in this study. The roentgenograms 
which were obtained in each of the subjects 
consisted of: (1) routine views of the lower 

• I'n-rr. Gcrjcrjl Uc.^jnta!, Sams IV, Nc-a Mexico. 


SPONDYLOLYSIS AND SPONDYLOLISTHESIS 

Defects of the neural arch of the lower 
lumbar spine are not uncommon. The 
defect in the arch to which the term 
spondylolysis has been applied consists of 
an interruption of the bone between the 
inferior and superior articular processes, 
the pars interarticularis. This results in a 
division of the vertebra into two separate 
parts, the anterior portion consisting of the 
body with the pedicles, transverse processes 
and superior articular processes and the 
posterior portion which consists of the 
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Table II 


Table II — Continued 


Variations 


No. of 
Spines 


^^ariations 


No. of 
Spines 


No variations 

Generalized osteoporosis, slight 
Congenital absence of inferior articular facets 
of L5. Spondylolisthesis of L5 upon Si, 
Grade n; L5 is wedge shaped and sacralized; 
failure of fusion of the arch of L5 in region 
of laminae; lumbosacral joint narrowed 
posteriorly; spina bifida of sacralized L5; 
, acuity of lumbosacral angle increased 
Spondylolysis of the arch of Ls, bilateral; 
spondylolisthesis. Grade ii; marked narrow- 
ing of lumbosacral joint; spina bifida of all 
sacral segments; degenerative changes and 
lipping about adjacent articular margins of 
Ls and Si 

Spondylolysis of arch of L5, bilateral; spon- 
dylolisthesis of Ls upon Si, Grade i; asym- 
metncal facets; increased obliquity of su- 
perior surface of sacrum 
Spondylolysis of arch of Ls, bilateral; first 
degree forward, spondylolisthesis of Ls 
upon Si 

Spondylolysis of Ls, unilateral; Schmorl’s 
nodule on inferior surface of Ls; asymmetri- 
btfida o^Si articulation; spina 

Schmorl’s nodules on inferior surfaces of Lj, 
M and Ls; asymmetrical facets 
chmor |s nodule inferior surface of Ls 
chrnorl s nodule inferior articular surface of 
^3, L4 and Ls 

Unilateral (left) sacroiliac arthritis; asym- 
metrical facets, lumbosacral articulation 

Sr, «dja- 

cent articular margins of Ls and Si 

■pin. biSda occulta of 

“£c ilrST™ CS formation „f 

IncreacpH • ^ Regenerative changes 
SchZ ? oHumbosacral angle 

■pin. Am. ALAI As?' edi 

Mark^"® lumbosacral joint 
arthritic changes 'degenerative 


Moder.r‘”'”'V.T»7s: 

!lSLSad™:EL‘7'’“^^ “d 

jacent articular m • '^^''"^es between ad- 

Unilatera! sacralizatio'n 'S £ 1 
narrowing of lumK 1 .“"’bar slight 

'netrical facets lumt 

s, lumbosacral articulation 


are present about articu- 


20 

I 


I 

12 

I 

1 


Transitional vertebra; asymmetrical facets; 
lumbosacral articulation; spina bifida oc- 
culta of Si 

Ununited left inferior articular process of L4; 
asymmetrical facets; spina bifida occulta of 
Si, lumbosacral articulation 
Spina bifida occulta of first sacral segment 
Spina bifida of S2, S3, S4 and S5 
Spina bifida occulta of L5 
Spina bifida occulta of Si ; slight narrowing of 
lumbosacral joint 

Spina bifida occulta of Si; asymmetrical fac- 
ets, lumbosacral articulation 
Spina bifida occulta of Si; asymmetrical fac- 
ets; lumbosacral articulation; Schmorl’s 
nodule on inferior surface of L5 
Failure of fusion of left inferior articular proc- 
ess of L2; spina bifida occulta of Si 
Unilateral sacralization of L5 
Transitional vertebrae 
Transitional vertebra; asymmetrical facets 
lumbosacral articulation ^ 

Asymmetrical facets between Ls and Si 


I 

21 


I 

Table III 


I 

Variations 

No. of 



Spines 


.36 
1 1 
39 
4 

1 

2 

n 


Uiliuu OCCUJta 

Narrowing of lumbosacral joint 
Asymmetrical facets 

United epiphyseal centers 
Transitional vertebrae 
Increased acuity of lumbosacral angle 
Spondylolysis “ 

Spondylolisthesis * 

Schmorl’s nodules 3 

Generalized osteoporosis ^ 

laminae, spinous process and inferior nrrlc 

fees i^r “urli'Lf 

forward displacemenTS Rhe " 

!f = “p? sacrirt: 

•"jury. Less freqSy oi- 

==8menr is displaced aid ver^oJai',?; 
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Fig. I. Roentgenogram of the lumbosacral region 
made with subject rotated 45 degrees to show the 
vertebral arch and the articular processes with 
their facets. There is a wide defect in the arch in 
the region of the pars interarticularis. 

spondylolisthesis is found at other levels. 
The underlying lesion preceding and result- 
ing in spondylolisthesis is an interruption 
in the continuity of the neural arch in the 
region of the pars interarticularis (spondy- 
lolysis) or faulty development of the 
inferior articular processes permitting a 
forward displacement of the affected seg- 
ment. Strong ligamentous structures main- 
tain the relationship of the inferior articular 
processes of the last lumbar vertebra with 
the articular processes of the sacrum 
preventing the spine from slipping over the 
superior articular surface of the sacrum. A 
spondylolysis disrupts this bony anchorage. 

Defects in the pars interarticularis were 
found in 6 per cent of the spines of the 
control group. In t of the spines the defect 
in the arch of the fifth lumbar segment was 
unilateral. This spine also had asymmetri- 
cal facets anti there was a spina bifida 
occulta of the first sacral segment. Uni- 


lateral defects are not rare. Willis found 
this abnormality in 25 per cent of spines 
with spondylolysis. Four of the 6 spines 
with spondylolysis showed characteristic 
bilateral defects in the region of the pars 
articularis of the last lumbar vertebra and 
some degree of forward displacement upon 
the sacrum; 3 were of Grade i and i tvas 
of Grade II severity (Meyerding’s classifica- 
tion) . 

One spine in which a Grade 11 spondylo- 
listhesis was found presented the degenera- 
tive changes frequently seen in this con- 
dition (Fig. 2). The anterior margin of the 
first sacral segment was rounded off and 
there was a flaring collar-like ridge of 
excrescent bone formed around the articu- 
lar margins of the first sacral segment and 
the overhanging portion of the adjacent 
articular margin of the fifth lumbar 
vertebra. These hypertrophic changes were 



Fig. 2. Latcr.i! view of tlic lumbosacral region sliow- 
ing a Grade u spondylolisthesis of the fifth lumbar 
segment ujxjn the sacrum. 'I'lie degenerative 
arthritic changes frequently seen in this condition 
.are present. 
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been observed by otbeis. 

Another spine which showed a Oracle n 
spXtusLis had bilateral defects m 
the laminae. There was also a congenital 
absence of the inferior articular Processes 
of the fifth lumbar vertebra mentioned ^) 
Goldthwaie and Muller.- The mechanism 
of forward slipping of the fifth lumbai 
segment in this spine differs from the otheis 
in this series and was attributed to the loss 
of the bony anchorage formed by the in- 
ferior articular processes. Normally these 
are in apposition with the superior articular 
processes of the sacrum and prevent t le 
lumbar spine from gliding downward and 
forward on the oblique sacral articular 
surface. 

Roentgenograms of the spines of large 
groups of men applying for industrial 
positions have been previously studied by 
Cushway and Maier,® and Breck, Hillsman 
and Basom .5 All of these men were pre- 
sumably asymptomatic. The incidence of 
abnormalities found in these groups varied 
considerably. In the series of 931 spines 
examined by Cushway and Maier only 3 



Fig. 3 . 


,0 .. Anteroposterior view of the lumbosacral 

region showing a tran-sitional vertebra. The Iclt 
transverse process impinges on the sacrum forming 
a false joint. 

bers of skeletons were examined the in- 
cidence of pars interarticularis defects 
coincided closely with the number found 
in the control series. Willis- found it in 
5.19 per cent of 1,520 skeletons and Cong- 
don® who studied the skeletons of aoo 
American aborigines in the Columbia river 
encountered 


reeion encountered it in 5.0 per cent, 
instances (0.3 per cent) of spondylolisthesis Higher incidences of this abnormalit) are 
were found. Breck and his associates found reported by Shore,- who found neural arch 
evidence of spondylolisthesis in 3 per cent defects in 9.1 per cent of 56 Bantu South 
of the 450 spines which they studied. African native skeletons, and Stewart,^" 
Other groups studied roentgenographically who reported an incidence of this variation 
„ j;£r : — oU 'j^i 39 per cent of 187 spines of Eskimos 


showed a different incidence of this ab 
normality. George- found it in 3.5 per cent 
of 3,301 patients examined for symptoms 
referable to the lumbar spine. Another 
series of 500 spines reported by Kleinberg^ 
showed an incidence of 2 per cent of 
spondylolisthesis and a per cent spon- 
dylolysis. Pheasant and Swenson— who 


— I ~ X. - - - 

living north of the Yukon and 14.5 per cent 
in another series of spines of Eskimos on 
and south of the Yukon. 

Sex has little, if any, influence on the 
incidence of neural arch defects in the 
region of the pars interarticularis. Some 
authors report a greater incidence of this 
abnormality in males while others find it 


, , — and Swenson— w..., 

examined the lumbosacral region of 171 

cadavers roentgenographically, 42 of which muit nci^ucutiy m remaies.'*''^^'*^® 
were prepared, found evidence of spon- found that it occurred with the 
dylolysis in i.i per cent. Where large num- quency in both sexes. 


more frequently in females.'’'-'- Chandler” 


same fre- 
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ASYMMETRICAL FACETS 
Asymmetrical facets at the lumbosacral 
articulations varying from slight to marked 
were found in 39 per cent of the spines in 
the control group. Slight variations were 
found in ay spines; moderate asymmetry in 
8 spines and in only 3 spines were the facets 
markedly asymmetrical. In addition to the 
variations obsei*ved in the obliquity of the 
articular facets, variations in their size and 
shape were found in individuals and in the 
vertebrae of the same individual. The 
stability of the lumbar spine, particularly 
the lumbosacral joint, is affected by the 
obliquity and direction of the articular 
facets. For example, facets which are 
situated in a transverse plane would 
prevent forward slipping and would allow 
sidewise displacement. Facets situated in 
a sagittal plane, on the other hand, would 
permit forward displacement. In practice, 
these facets are described as situated in 
oblique, sagittal or coronal planes but this 
is inaccurate. Examination of these articu- 
lations show that they are frequently 
curved, each facet corresponding to a seg- 
ment of a cylinder. Horwitz and Smitlri- 
studied these articulations in cadavers and 
found that in some instances the superior 
facets of the lumbar vertebrae were suffi- 
ciently curved so that it was impossible for 
the roentgen rays to pass through the joint 
space. The shape of the facet as well as its 
obliquity recorded on the roentgenogram 
will therefore depend upon which com- 
ponent of the cylinder predominates. Other 
factors such as the inclination of the sacrum 
and the angle of projection of the roentgen 
rays must also be taken into consideration 
in the interpretation of variations of the 
articular processes and narrowing or oblit- 
eration of the interarticular joint spaces. 
No evidence of degenerative changes such 
as osteoartliritis, alteration in the joint 
space and articular surfaces of the facets 
and increased density of the adjacent 
articular surfaces were found in any of the 
spines studied in this series. 

XARROWlNO OF THE LUMBO-SACRAL 
JOINT SPACF. 

Some degree of narrowing of the lumbo- 


sacral vertebral joint space was found in 
II out' of the 100 spines examined. This 
narrowing was marked in only a instances 
and with them there were degenerative 
arthritic changes of the adjacent articular 
margins of the vertebrae. Where there is an 
unusual amount of stress and strain, such 
as manifested in these cases, the narrowed 
lumbosacral joint space can be attributed 
to degenerative changes in the disc struc- 
tures and cartilage. Herniation of the 
nucleus pulposus has been accepted as an 
important cause of narrowing of the disc 
space between the last lumbar and first 
sacral segment but would not explain the 
changes in many spines. Disintegration 
of the annulus fibrosus incident to the wear 
and tear of life is another explanation of a 
narrowed disc space. Eight of the n spines 
showed only a slight narrowing posteriorly, 
estimated as about a mm. One of these was 
associated with a transitional vertebra, 4 
with spina bifida occulta of the first sacral 
segment. Narrowed disc spaces are not in- 
frequently found with a transitional verte- 
bra and sometimes present themselves as 
thin sacral discs.*^ 

Congenital narrowing of the joint space, 
according to Barr and Mixter,^ is of rather 
frequent occurrence, but Vinke and White^^ 
were able to find only 3 instances in a group 
of roentgenograms of 300 children between 
the ages of five and fifteen in whom they 
were able to exclude other pathological 
conditions which would cause narrowing of 
the disc space. Williams'’^ was able to find 
only I case of congenital narrowing in a 
like number of roentgenograms. 

Prolapse of the nucleus pulposus into the 
adjacent vertebral body (Schmorl’s node) 
was found in 8 spines. In 6 spines only one 
segment was affected. In the remaining 2 
spines, three vertebrae showed the nodules. 
Ninety per cent of Schmorl’s nodules occur 
in the lower lumbar spine.'^ No secondary 
changes in the bodies or facets were found 
with Schmorl’s nodules in the control 
group. 

ACUITY OF THE LU-MBOSACRAL ANGLE 

The acuity of the lumbosacral angle was 
found to be increased in 2 instances. In 
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I of these spines there was a spondylolis- 
thesis. Normally, the lumbosacral angle 
has an inclination of about 43 degrees but 
this is not constant. The weight-bearing 
axis of the spine normally passes anterior 
to the lumbosacral junction. Fherefoie, 
with an increase in the obliquity of the 
superior surface of the first sacral segment 
the shearing strain upon the lumbosacral 
joint becomes greater. This will in turn 
increase the strain against the posterior 
articulations which are subjected to added 
wear and tear. An increased incidence of 
osteoarthritis would be anticipated with 
acute sacral inclinations but this does not 
invariably follow. 

OSTEOARTHRITIS 

Osteoarthritis of the spine is usually the 
reaction to changes in the joint cartilages 
which haveundergone degenerative changes 
attributable to age, trauma or other 
factors. Marginal bony proliferation of 
adjacent vertebral borders and osteophyte 
formation characteristic of osteoarthritis 
were found in 4 spines. One of these was 
associated with a Grade 11 spondylolis- 
thesis; 2 were associated with definite 
narrowing of the joint space. Osteoarthritis 
is seen with increased frequency with 
advancing years. Beginning at about the 
thirty-fifth year of age,, evidence of progres- 
sive degenerative changes can be found 
in the intervertebral joints.^® 

PERSISTENT OSSIFICATION CENTERS 

Persistent ossification centers of the 
inferior articular process were found in 2 
instances, once in the second and once in 
the fourth lumbar vertebrae. As a rule, 
these are bilateral and the adjacent sur- 
faces of the ununited ossicle and articular 
process are smooth and sharply demarcated 
as compared with the ragged irregular 
niargins of a fracture.®’ 


ing upon the upper surface of the sacrum 
producing a false joint. I lie adjacent 
surfaces of the impinging bones also showed 
degenerative changes nnd evidence of 
eburnation. Some writers believe that a 
transverse process which is impinging on 
the sacrum or ilia can cause clinical symp- 
toms, “ but in general the role of a long 
impinging transverse process as the cause 
of backache is open to question.’^’=“'^'’ 
Spina bifida occulta of the first sacral seg- 
ment was present in 7 of the 1 1 spines with 
transitional vertebrae. 

SPINA niFlDA OCCULTA 

The incidence of spina bifida occulta has 
been reported by Dittrich^ as 5 per cent 
of all spines examined roentgenograpliically. 
Cush way and Maier® found it in 17 per cent 
of 931 spines; Giles'® found this anomaly in 
23.9 per cent of i,ii2 cases; and Breck 
and his associates® found it in 6 per cent of 
450 spines. Meyerding"' reported an in- 
cidence of 35 per cent of spina bifida occulta 
of tlie first sacral segment. The control 
group showed an incidence of 36 per cent. 
In 12 of the spines with this variation there 
were also asymmetrical facets. Other ana- 
tomical abnormalities ivere found in 14 per 
cent. Two of the spines with spondylolysis 
and spondylolisthesis in the control group 
showed this defect in the sacrum and in 1, 
all the sacral segments were thus affected. 
One of the spines showing a congenital 
absence of the inferior articular processes, 
with other anomalies, also had a spina 
bifida occulta of a sacralized fifth lumbar 
segment. 

SUMMARY 

The abnormalities in the lumbosacral 
region of the spines of one hundred asymp- 
tomatic soldiers have been studied and 
tabulated. 
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O steomyelitis in infants shows 

anatomical and clinical differences 
from the disease in older children and 
adolescents. Prognosis as well as treatment 
is affected by these differences. These have 
been recognized by several observers in 
recent years who have placed the disease in a 
special category. 

ETIOLOGV 


PATHOLOGY 

Certain anatomic factors contribute to 
the different nature of the disease in in- 
fants. The bone is of a more spongy texture, 
even in the so-called compact portion, the 
vascular spaces are larger and the cortex 
is thinner than in older children. These 
factors allow a freer communication be- 
tween the marrow and tlie subperio.steal 


spaces. 

The mode of infection in osteomyelitis 

the 


The infection is blood borne as in most 
cases of osteomyelitis at other ages and its .. .. 

origin is thought to be the common respira- through the capillaries in the JN.xta- 
tory diseases of infants, umbilical and skin epiphyseal region of the metaphysis is well 
infections. Fre<puently, however, no site known. As shown by Starr, in adolescent 
of primary infection is found. The causative osteomyelitis the infection passes more 
organism is the hemolytic streptococcus in easily through the thin cortex into the 
the majority of cases while Staphylococcus subperiosteal space than into the shaft, 
aureus is the next most common cause, with early and extensive periosteal eleva- 


Green and Shannon® reported 76 cases of 
osteomyelitis in children under two years 
of age in which 48 (63 per cent) were due 
to the streptococcus; aa (30 per cent) to the 


tion. Since the cortex in infants is thinner 
this is even more apt to occur and the 
medullary cavity of the diaphj'sis rarely 
becomes involved. The periosteum may 


staphylococcus; 3 to the pneumococcus and rupture early with the formation of soft 


I to the gonococcus. Paschlau” observ''ed 
cases under one year of age of which 14 
were due to the staphylococcus, 5 to the 
streptococcus, 5 to a combination of 
streptococcus and staphylococcus and 7 
to the pneumococcus. Others, Dillehunt,' 


tissue abscesses. There is a minimum of 
bone destruction and sequestration occurs 
only in rare instances. 

Daubenspeck® states that osteomyelitis 
in infants may occasionally arise primarily 
, in the epiphysis and he bases his belief on 
Cass^ and Stone/* though with fewer cases, the experimental work of Shioda.’- India 
reported a higher incidence of staphylococ- ink and bacteria were injected intrave- 
cus infection, viz,, 7 were caused by the nously into young rabbits and these sub- 
^aphylococcus and a by the streptococcus, stances were found to reach the sub- 
Dunham® noted a high incidence of strepto- chondral spaces of the epiphysis throueh 
coccus m septicemia of the newborn with a “sinusoids” of the epiphyseal cartilase 
distribution as follows: streptococcus 15, independent of the perforating capillaries’ 
staphylococcus 1 1 , 5 . coh 10, pneumococ- These experiments could not bf reproduced 
cus z and pyocyaneus one. in older rabbits. The findings Id Dmibef 

The dominant role of the streptococcus speck to believe that thev ronld r- 
in infants has been explained on the basis related with those found cHninllv ‘ 

respiratory infection and relatively less Pvarrhmeio 

natural immunity to the streptococcus in The infection may rSdTr 

-panson tvtth the staphylococcus. two ways °(.TYt mt sprfadTor tl« 
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metaphysis through the adjoining epiphys- 
eal cartilage. Since the cartilage is mod- 
erately resistant to infection, epiphysiolysis 
between the metaphysis and the epiphyseal 
cartilage may occur. More commonly, how- 
ever, the infection is virulent enough to 
break through the cartilage into the 
epiphysis and through it into the joint. {i) 
In the joints in which the epiphyseal 
cartilage and a portion of the metaphj'sis 
lie within the joint capsule (proximal and 
distal humeri, proximal and distal femoral 
joints),' the infection need not traverse the 
epiphyseal cartilage to reach the joint, but 
only to break through the periosteum of 
the metaphysis. The cartilage of the joint 
is said to be relatively resistant to low 
grade infection; in virulent infection, how- 
ever, cartilage as well as the epiphysis is 
destroyed with resultant deformities and 
arrest of growth. Serous, aseptic transu- 
dates are seen occasionally. These are 
secondary to the infection near the joint. 

Metastatic involvement of other bones — 
usually of the long bones — is common. 
Metastatic soft tissue abscesses also occur. 
Such metastases develop primarily during 
the stage of septicemia. 

Healing occurs rapidly in infants after 
surgical or spontaneous decompression. 
The small amount of necrotic bone is 
usually absorbed and persistent sequestra 
are uncommon. Formation of new bone 
is remarkably rapid. Green and Shannon® 
demonstrated formation of subperiosteal 
new bone as early as one week following the 
onset of infection. 

CLINICAL COURSE AND TREATMENT 

The usual clinical picture in the infant 
is quite different from that in other age 
groups. The onset is usually gradual and 
the common entrance complaint is swelling 
and loss of function of an extremity. Sys- 
temic manifestations are minimal, though 
there may be a low grade fever and mod- 
erate leukocytosis. These may be the only 
findings despite multiple sites of involve- 
ment. The differential diagnosis includes 
suppurative arthritis, cellulitis or soft 
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tissue abscess, scurvy and congenital syph- 
ilis. 

In some instances the picture is similar 
to that seen in older children where there 
is an acute onset with severe systemic 
manifestations. In these cases it seems that 
the bacteriemia, which is usually transient, 
persists and the subsequent course is that 
of a septicemia. Recovery in such cases is 
uncommon. In event of recovery from the 
septicemia the prognosis of the resultant 
osteomyelitic lesion is unaltered. 

Following appropriate treatment in an 
uncomplicated case the course is benign, 
characterized chiefly by the rapid healing 
of wounds and sinus tracts. This usually 
occurs in from three to eight weeks, though 
local swelling may persist for a greater 
period of time and is probably accounted 
for b)^ extensive formation of involucrum. 
There is an associated clinical' recovery. 

Treatment is general as well as local 
and adequate supportive measures are 
mandatory. Thus dehydration and anemia 
are corrected while the affected part is 
immobilized. Appropriate chemotherapy 
should be instituted. In some instances no 
more definitive treatment will be necessary 
as the osteomyelitis may heal completely. 
Any subperiosteal or soft tissue abscess 
must be adequately drained. Adequate 
immobilization (preferably by a plaster of 
pans cast) should be continued after the 
soft tissue abscesses have been drained. 

Pyarthrosis is the most common com- 
plication and must be differentiated from 
aseptic serous effusion. For this reason, 
diagnostic aspiration of the joint is in- 
dicated. Epiphyseal separation is the next 
most common complication and results in 
residual deformities. Metastatic osseous 
and soft tissue abscesses are also frequent. 
Recurrence of the infection and develop- 
ment of chronic osteomyelitis is unusual. 

ROENTGEN APPEARANCE 

Since the disease runs a relatively benign 
course the first clinical evidence is usually 
soft tissue swelling. This may mean that 
the infection has broken through the 
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periosteum or into the joint. Roentgeno- 
grams in the early stages are rarely ob- 
tained. In our experience the earliest 
finding is an area of bone destruction m the 
metaphysis adjoining the epiphyseal line. 
A similar area may be seen in the epiphysis. 
The periosteum of the diaphysis is elevated. 
As a result of the effusion the joint space 
may be widened. Depending on the age of 
the infant and the affected joint, the 
epiphysis may not be ossified and its in- 
volvement, therefore, cannot be ascer- 
tained. On the other hand, the epiphysis 


Shannon report a positive blood culture 
the mortality rate was 6o per cent tor 
streptococcus infections and 66 per cent tor 
staphylococcus infections. In infants who 
survive the septicemia the prognosis of the 
local lesion is excellent, compared to 
osteomyelitis in the older age groups. 

Because of the unusual number of cases 
of osteomyelitis in infants in the last year, 
we would like to report in detail all of the 
cases which we have seen. 

CASE REPORTS 


may be decalcified or destroyed and only 
subsequent roentgenograms will show its 
viability. Partial or complete epiphyseal 
separation indicates infection of the epi- 
physeal cartilage. 

Healing is evidenced by rapid sub- 
periosteal formation of new bone and by a 
more discrete limitation of the bony defects 
and this is followed by restoration of the 
bony trabeculae. Sequestra are seen rarely; 
if present, they usually become absorbed. 
Depending on the extent of epiphyseal 
destruction there may or may not be 
restoration of the normal growth. 

The course of the disease can be easily 
followed in the roentgenograms. Complete 
healing may occur as early as two months 
with minimal deformities visible for several 


Case I. J. M., nmle (44-10915), aged four 
weeks, admitted .October 27, 1944. Delivery 
was breech with forceps. On October 1, 1944, 
numerous small cutaneous pustules were noted. 
These were opened and treated with sulfatliia- 
zole ointment. One week prior to admission, 
swelling over the right shoulder appeared and 
three days later similar swellings were seen in 
the region of the left shoulder, left knee and 
left ankle. The right shoulder was drained prior 
to entry. Staphylococci were cultured from tlie 
pus. 

On admission the baby was undernourished. 
There was an erythematous eruption over the 
entire body and swelling over the left shoulder. 
Both knee joints and the left ankle joint con- 
tained increased fluid. Thighs and legs were in 
flexion and extension provoked pain. 

The temperature was 100.8° F., hemoglobin 


months. There may be delay in the epi- 
physeal growth or failure of epiphyseal de- 
velopment with resulting deformities. Scle- 
rosis and other signs of chronic osteo- 
myelitis are uncommon. 

There is a great variation in the mor- 
tality rate reported in the literature. An 
example of a high mortality rate is the 
series reported by Green and Shannon;® 21 
per cent of the infants under two years and 
44 per cent of those under six months died, 
taschlau’s^i experience was similar. He 
reports a mortality rate of 38 per cent in 42 
cases under one year of age. Cass,i Dille- 
lunq and Stone''* reported an unusually 
c'''- ^ eath rate, probably due to absence of 
septicernia. In cases with persistent septi- 
wmia the comparati-ve prognosis is poor, 
lus m those cases in which Green and 
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Roentgenograms revealed areas of destruc- 
tion in the proximal metaphyses of both humeri 
as well as periosteal elevation (Fig. i, A and B). 
The epiphyseal center on the riglit was sepa- 
rated. Other areas of destruction were seen in 
the distal metaphysis and epiphysis of the 
right femur (Fig. 3^), as well as in the upper 
medial end of the left tibia (Fig. 4^). The peri- 
osteum was elevated in all instances. 

Treatment consisted of two blood transfu- 
sions and intramuscular penicillin; 15,000 units 
were given every three hours for a total of 
4,200,000 units. Hospitalization lasted one 
naonth dunng which time the general health of 
the baby improved markedly. 

Progress roentgenograms on November 7 
I 944 > revealed apparent increase in the bone 
destruction but roentgenograms taken on No- 
vember 28, 1944^ demonstrated improvement 
m the appearance of all lesions (Fig 35) On 
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Fig. I. Case i. A, November i, 1944. Destruction of the metaphysis of the right humerus. There are several 
fragments of necrotic bone. Arrow- points to the separated, proximal epiphysis, B, November i, 1944. 
Left humerus: Destruction is less marked. Mild periosteal elevation.’ Epiphysis shows normal relationship 
with the metaphysis. 


re-examination on January 8, 1945, the lesions 
appeared well defined on the roentgenograms 
and there was evidence of healing (Fig. 4^). 
On March 8, 1945, the child appeared clinically 
well. There was no limitation of motion in any 
of the involved extremities and roentgenograms 
showed complete healing (Fig. 1 , 3 and 4). The 
epiphyseal centers in both humeri were not 
visualized. 

Comment. The multiple involvement was 
secondary to the cutaneous staphylococcus 
infection. The destruction in both shoulder 



regions with epiphysiolysis on the right 
occurred early and will probably result in 
permanent deformities. The rapid absorp- 
tion of sequestra is well demonstrated. It 
would seem that penicillin had a beneficial 
influence on the course of the disease. 

Caseii:. M. M., female (44-9964)) ^ 5 ^'^ 
months, admitted September 16, 1944- The in- 
fant was breast fed for twelve days until the 
mother developed a breast abscess. At the age 
of four weeks the patient developed a tenip^'’*'" 
ture of io 3 °F. and a small area of erythema and 



Img. z. Case i. A, March le, 1945. Right humerus: The slight irregularity of the metaphyse:il outline sug- 
gests incomplete healing. The epiphysis has been destroyed. B, March 12, 1945. Left humerus: Residual 
detomiity of metaphysis alter infection has subsided. Epiphysis has either been destroyed or decalcified. 
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Fig 3. Case 1. November 7, 1944. Right femur; Circular areas of destruction in tlie distal metapliysis. 
Defect m the cortex as \\eil as a rarefied area in the epiph>sis (arrow) are well seen. B, November a8, 1944. 
The defects show beginning reossification. Mild periosteal elevation along the lateral femoral aspect, C, 
March 12, 1945. Complete healing in the metaphysis and epiphysis. 
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‘he osteomyelitic 

'"'h "e'v bone. C, March 12, 1945. Complete heahni ^ beginning tofill 
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Fig. 5. Case 11. yf, September 16, 1944. Area of destruction in the metaphysis. Arrow points to break in 
the cortex. Some periosteal elevation is present. B, April 3, 1945. Complete healing. Normal development 
of the femur. 


swelling over the dorsum of the left fourth 
finger. Five days later this was incised and pus 
obtained. Later swelling and tenderness in the 
region of the right hip was noted. Five Itundred 
thousand units of penicillin were given during 
the ensuing three weeks. Roentgenograjus on 
September i, 1944, taken in another hospital, 
revealed effusion into the right hip joint and 
roentgenogram on September 13, 1944, showed 
destruction of the head of the femur. 

On admission the infant appeared chronically 
ill. There was swelling in the region of the left 
fourth finger. Movement of the right thigh was 
painful. 

Temperature was 99.4° F., hemoglobin ro.8 
grams and white blood cell count 24,000. 


Roentgenograms revealed an irregular area of 
bone destruction in the proximal right femoral 
metaphysis and mild periosteal elevation (Fig. 
S^). There was marked destruction in the 
proximal phalanx of the left fourth finger and 
several sequestra were seen (Fig. 6/f). 

Treatment consisted of application of a single 
hip spica plaster of paris cast and 10,000 units 
of penicillin every three hours for a total of 
400000 units. The infant remained afebrile 
and improved during her hospital stay. Drain- 
age from the hand gradually subsided. October 
10, 1944, a sequestrum was removed from the 
left fourth finger. 

On April 3, 1945, there was complete healing 
of the femoral lesion without limitation of 



Fig. 6. C.n.Rc 11. J, September 16, 1944. Extensive dcstniction of the proximal phalanx of the fourth finger. 
Several sequestra are seen. B, April 3, 1945. .Arrow points to a small cavity containing a minute sequestnim. 
The outline of the phalanx is smooth. 
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motion (Fig. 5 j 8). The left fourth finger revealed 
a small abscess cavnty with a minute seques- 
trum (Fig. 6 B). 

Comment. It is interesting to consider the 
possible relationship between the mother’s 
breast abscess and the patient’s infection. 
The infection in the upper extremity was 
farther advanced than in the lower ex- 
tremity. Penicillin seemed helpful in pro- 


Roentgenograms revealed a circular area of 
destruction in the lower femoral metaphysis 
and periosteal elevation (Fig. 7//). 

Treatment consisted of aspiration of the knee 
joint. A cloudy fluid was obtained which was 
negative on culture. Five thousand units of 
penicillin were injected into the knee joint and 
the procedure was repeated on two consecutive 
days. On August ii, 1944, the abscess in the 
left femur was drained. The knee joint was 
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Comment. This infant had the shortest 
duration of symptoms of any of the cases 
seen by us. Penicillin given intramuscularly 
and into the knee joint probably at- 
tenuated the virulence of the infection. In 
spite of the extensive pyarthrosis — as 
proved at operation — there was no ap- 
parent residual impairment in the function 
of the joint. 

Case iv. C. W., male (44-6176), aged three 
and one-half weeks, admitted June 2,8, 1944. 
Delivery was normal. Swelling of the right 
thigh was noted on the thirteenth day. This ap- 
peared painful on palpation and movement and 
the infant kept the leg flexed. Hot packs were 
applied until an area of fluctuation appeared 
over the lateral aspect of the lower right femur. 
Three days before admission this area was in- 
cised and drained. 

On admission, examination was normal save 
for' a small draining sinus in the region of the 
right knee. The thigh was swollen and in- 
durated and the leg was held in flexion. 

Temperature was 99.5° F., hemoglobin ii 
grams and the while blood cell count 20,400. 

Roentgenograms showed an area of destruc- 
tion in the distal femoral metaphysis with peri- 


osteal elevation. The distal femoral epiphysis 
appeared normal (Fig. S^f). 

Treatment consisted of intramuscular penicil- 
lin. Ten thousand units were given every four 
hours for a total of 600,000 unitsi On July 11, 
1944, the soft tissue abscess in the region of 
the external femoral condyle was adequately 
drained. A chronic abscess cavity was found 
which communicated with the knee joint. The 
perforation into the joint was enlarged and 
about 10 cc. of thick, yellow pus was liberated, 
which was negative on culture. Vaseline gauze 
was loosely packed into the defect and a single 
hip spica plaster of paris cast and applied. 
The temperature remained normal and the gen- 
eral condition was good. When the cast was 
removed on August 16, 1944, the wound ap- 
peared to be healing (Fig.- 85 ). There was full 
range of motion in the knee joint. 

At the last examination on January 12, 19451 
roentgenograms revealed progressive healing of 
the defect. Only a minimal deformity in the 
metaphysis was present (Fig. 8C). The bone 
growth was normal and there was no limita- 
tion of motion. 

CommeYit. Course and treatment are 
similar to Case in. Of interest is the un- 



Fig. S. Case iv. A, July 10, 1944. Area of destruction in the lower femor.-il metaphysis. Arrow points to 
break in cortex. Moderate amount of periosteal elevation. J 5 , August i6, 1944. Healing progresses, while 
the femur grows normally. C, January 12, 1945. Only a mild deformity remains in the posterior aspect of 
the metaphysis. 



Fig. q. Case V. June 12, 1941. Several areas of destruction in the metaphysis. Arrow points to break in the 
cortex. Moderate amount of periosteal elevation. J 5 , August 11,1941. The infection appears healed. C, April 
7, 1943. Normal bone growth without residual deformity. 


disturbed enchondral growth of bone in the 
presence of the metaphyseal abscess and 
involvement of the epiphysis — as demon- 
strated at the time of operation. 

Case v. L. O., male (41-6896), aged five 
months, admitted June 12, 1941. Previous 
medical history was not significant. Swelling in 
the right hip region was noted at the age of 
two months. There was an associated febrile 
reaction. After immobilization for three weeks 
the hip region was incised and drained. Culture 
revealed pneumococci. The leg was placed in 
skin traction. 

Examination on admission revealed a norm- 
ally developed infant. The right thigh was in 
20° flexion. Movement in the hip joint was free 
but painful. There was a small amount of puru- 
lent drainage from the wound. 

Temperature was 99.6° F., hemoglobin 13.5 
grams and the white blood cell count 17,500. 

Roentgenograms revealed several well de- 
nned areas of destruction in the proximal 
femoral metaphysis as well as mild periosteal 
elevation. The capital epiphysis appeared 
normal (Fig. 


Treatment consisted of immobilization in a 
one and a half hip spica plaster of paris cast for 
three months at which time the wound had 
healed and the child was clinically well. 

Progress roentgenograms showed healing of 
the lesion (Fig. 9S) and the last taken on April 
1 > I943> showed normal development of the 
right femur (Fig. 9C), Examination at that 
time revealed no limitation of motion. 


Comment. The culture of pneumococci 
suggests an upper respiratory tract infec- 
tion for the port of entry. The infection was 
subsiding when we saw this infant. Ade- 
quate treatment- had been given early and 
no deformities resulted. 


agea s 

and one-half months, admitted March 22, 194 
The child was adopted at the age of three at 
one-half months and was in good health un 
the age of four and one-half months wh. 
swelling over the right ankle was noted. Tl 
area was painful and tender. Temperature w 
101 b. and a roentgenogram was said to 
negative. Sulfathiazole was administered wi 
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relief of symptoms. At six months the symp- 
toms recurred and were not influenced by sulfa- 
thiazole. 

On admission the child was normally de- 
veloped. There was moderate swelling of the 
entire right thigh and leg with induration over 
the right ankle. Movement of the leg was pain- 
ful. 

Temperature was 100.2° F., hemoglobin 9.5 
grams and the white blood cell count 13,800. 


the entire right femur and an area of destruc- 
tion was seen in the proximal femoral meta- 
physis (Fig. loC). The capital epiphysis ap- 
peared normal. The white blood cell count at 
that time was 16,200. Aspiration of the hip 
joint yielded no pus. Immobilization was con- 
tinued. Progress roentgen studies revealed 
gradual healing of the tibial and femoral lesions. 
The last roentgenogram on November 10, 1944, 
showed complete healing (Fig. li). Examina- 



Fig. jo. Case vi. A, March 23, 1941. Extensive periosteal elevation of the tibia. No definite metaphyseal 
focus is seen, but there is some irregularity in the distal tibial metaphysis. B, March 23, 1941. Arrow points 
to infraction in the subperiosteal new bone and tibia. Note the periosteal elevation in the lower femur 
and the normal appearance of the proximal femoral region. C, May 12, 1942. There is now destruction in 
the proximal femoral metaphysis (arrow) and further extension of the periosteal elevation. 


Roentgenogmms revealed extensive peri- 
osteal elevation involving the entire right tibia 
and lower portion of the right femur. Infraction 
through the new bone and old cortex was seen 
in the anterior aspect of the tibia. The distal 
tibial metaphysis had a moth-eaten appear- 
ance (Fig. 10, A and B). 

Treatment consisted of immobilization in a 
hip spica plaster of paris cast. A progress 
roentgenogram on May 11, 1942, revealed im- 
provement in the appearance of the tibia. There 
was, however, periosteal elevation involving 


tion at that time showed equal development of 
both lower extremities and free movement of 
all joints. 

Coimnent. The extensive periosteal reac- 
tion most marked in the distal tibial 
region was not observed in any of the other 
cases. It is similar to a case reported by 
Grevillius.® This case demonstrated the 
remarkable ability of the infant’s skeletal 
system to combat infection and return to 
an essentially normal architectual structure. 
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Case vii. C. S., male (40-9254), aged seven 
months, admitted July 14, 1940. Umbilical in- 
fection developed after birth with purulent dis- 
charge lasting for eight weeks. At the age of 
three weeks the infant was said to have had 
pneumonia. Swelling in the left shoulder region 
was noted at the age of six weeks. This was 
drained one week following onset with libera- 
tion of about 4 cc. of pus. Drainage subsided 
after several days with healing of the wound. 

On admission the temperature was 100.4° F., 
and the infant was normally developed. The 
left arm was held in adduction. Abduction and 
internal rotation were limited and painful. 
There was no soft tissue swelling. 

Roentgenograms of the left shoulder revealed 
absence of the epiphysis and destruction in the 
metaphysis with a sequestrum (Fig. 12//). 

Treatment consisted of immobilization in ab- 
duction. Roentgenograms showed progressive 
healing with persisting deformity of the proxi- 
mal end of the humerus. He was well until 
March, 1943, when he was readmitted with a 
soft tissue abscess in the posterior aspect of the 
upper arm. The systemic reaction was minimal. 
The abscess was drained and culture revealed a 
non-hemolytic streptococcus. Roentgenograms 
showed no change over those taken previously. 
On his last visit on February 4, 1944, there was 
limitation of motion with a 30° abduction, 
good internal rotation but no external rotation. 
Roentgenograms showed absorption of the 
sequestrum and some sclerosis of the shaft. Two 
epiphyseal centers of the proximal humerus 
were present (Fig. 12R), 


Comment. The focus of the infection 
could have been the omphalitis but the up- 
per respiratory infection was a nioie likely 
cause. The sequestrum was absorbed grad- 



Fig. n. Case vi. November 10, 1944. Complete 
healing of the lesions in the right lower extremity. 
Normal bone development. 
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Fig. 13. Case viii. A, April 39, 1944. Widening of the joint space, area of destruction in the metaphysis 
(arrow) and periosteal elevation. The epiphysis is barely visible and appears partly decalcified, B, August 
18, 3944. Metaphyseal outline is smooth and the joint space is of normal width. The epiphyseal center 
has disappeared. 



Fig. 14. Case viii. November 16, 1944. Residual instability and subluxation in the left hip. 
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ually over a period of nearly three years. 
The sclerosis of the humeral shaft indicates 
a chronic osteomyelitis. This is the only 
case in which the course of the disease was 
similar to that seen in the older age groups. 

Case viii. R. K., male (44-3824), aged nine 
months, admitted April 19, 1944 - the age of 
SIX months the child developed a protracted 
upper respiratory infection complicated by 
otitis media. Pneumonia developed at six and 
one-half months and at that time swelling and 
redness over the left hip joint were noted. 
Sulfadiazine was given and the child became 
afebrile but the extreme tenderness and swelling 
remained. On March 16, 1944, an incision was 
made in this area but no pus was obtained. 
Subsequently the swelling decreased slightly 
but the tenderness remained. The temperature 
was elevated only occasionally. 

On admission the hip was held in 110° flexion 
and 90° external rotation. Motion was free but 
painful. The incision was healed. The general 
condition was good. 

Temperature was 102.4° F., hemoglobin ii 
grams and the white blood cell count 17,500. 

Roentgenogram showed subluxation of the 
left hip, an area of destruction in the metaphysis 
and periosteal elevation. The epiphyseal center 
was small and irregular (Fig. isJf)- 
Treatment consisted of a hip spica plaster of 
paris cast for two months followed by a brace. 
Progress roentgenograms revealed healing in 
the metaphysis (Fig. 13S). The epiphysis was 
not visible on November 16, 1944 (Fig. 14). 
Flexion of the hip was limited to 30°, abduction 
to 15° and adduction to 35°. The child was 
clinically well. 

Comment. This case demonstrates the 
rule that pyarthrosis commonly occurs 
when the osteomyelitis develops in the 
proximal femoral metaphysis. Of interest is 
the speed of the complete dissolution of the 
head of the femur. 


exuded from two rubber drains. I he thigh was 
held in flexion. There was pain on extension. 

The temperature was 98° F., hemoglobin 10 
grams and white blood cell count 11,460. 

Roentgenograms showed an irregular area o( 
destruction in the roof of the acetabulum and 
periosteal elevation of the femur. The capita! 
epiphysis was not visible. 

Treatment consisted of adequate drainage 
and immobilization. Progress was satisfactory 



Fig. 15. Case IX. April 15, 194I. Final roentgeno- 
gram showing a shallow acetabulum with .an 
oblique and irregular roof. Subluxation of the hip 
with absence of the femor.al epiphysis. 

with gradual healing of the sinus. Follow-up 
roentgenograms showed a shallow acetabulum 
with subluxation of the femur. The last roent 
genograms on May 20, 1943, revealed absence 
of the capital epiphysis (Fig. 15). The child 
walked with a limp. Limitation of motion in the 
hip joint was present and there was a shortening 


Case ix. T. P., male (39-92), aged seven 
months, admitted January 13, 1939. The in- 
ant had diarrhea at the age of three weeks fol- 
owed by pneumonia at two months. Two weeks 
later swelling of the right thigh was noted. This 
was incised and pus was obtained. 

n admission the child was undernourished, 
ihe entire right thigh was swollen and pus 


mrection 

was again the source of the infection. The 
rapid destruction of the bony tissue about 
the hip was demonstrated in this case- 
four months after the onset. 
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Fig. 16. Case x. April 17, 1935. Final roentgenogram showing bilateral deformities of the acetabula. On the 
left there is destruction of the epiphysis and subluxation. The small shadow adjoining the metaphysis on 
the right may be delayed development of the epiphysis. 


one-half months the infant developed high fever 
and enlarged cervical lymph nodes. One week 
later it was noted that he held both thighs in 
flexion .and splinted the left arm. The left 
shoulder area was drained in a local hospital. 
A week later the right hip region was opened 
and a large amount of pus liberated. Additional 
areas of swelling in the left side of the neck, 
right wrist, right axilla and left hip were 
drained. Paracentesis for left otitis media was 
performed. 

On admission pus could be expressed from 
sinuses in both hip regions. The remaining 
wounds were healed. The infant had bilateral 
otitis media. 

Temperature was 102° F.. hemoglobin 8 
grams and the white blood cell count was 
38,100. Blood culture was negative. 

Roentgenograms revealed normal shoulder 
and wrist joints. There was destniction in both 
acetabula, more marked on the right side, with 
loss of the capital epiphysis and mild destruc- 
tion in the proximal portions of both femoral 
metaphyses. The hip joints were subluxated. 

The left hip joint was drained on March 2, 
1934, and a large amount of pus liberated. 
Traction was applied to both lower extremities. 


Temperature gradually returned to normal and 
drainage ceased within the month. 

Progress roentgenograms showed gradual 
healing. Final roentgenograms on April i?) 
1935, revealed deformities of the acetabula 
with destruction of the capital epiphysis on the 
left. A small capital epiphysis was seen on the 
right (Fig. 16). At that time all joints were 
freely movable. The gait, however, was un- 
steady. 

Comment. Presumably the focus of infec- 
tion was in the upper respiratory tract. The 
infant developed numerous metastatic ab- 
scesses involving apparently only the soft 
tissues with the exception of both hip re- 
gions. Bilateral hip involvement is unusual. 
The destruction was more extensive on the 
left. The appearance of the right capital 
epiphysis was delayed. 

DISCUSSION 

It is generally accepted that osteomyeli- 
tis in infants has a different course than m 
older age groups. It is difficult, however, to 
fix the age at which this change occurs, ^^e 
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selected infants in whom the illness began 
before they reached the age of six months, 
while other observers have included infants 
up to one or two years of age. There is, 
however, definite indication that with the 
advancing age of the infant the disease will 
resemble more and more the infection in 
older children. In our series the infections 
were relatively benign and the pathologic 
changes were often reversible if the diag- 
nosis was made early and adequate treat- 
ment instituted. 

Other authors have stressed the higher 
incidence of streptococcus infections in in- 
fants. Our series does not offer sufficient 
bacteriologic data to be significant, as the 
primary drainage was carried out elsewhere 
in many cases. In 2 instances in which peni- 
cillin had been given the cultures were neg- 
ative. 

Certain anatomic factors in the infant 
allow early natural decompression of the 
metaphyseal abscess, either into the sub- 
periosteal space or the neighboring joint. 
The latter usually depends upon the joint 
which is involved. It may be difficult to re- 
trace the course of the infection when the 


occurred after decompression of the soft 
tissue abscesses. Drainage from the ab- 
scessessubsided within th rce to twelve wee 's. 

The earliest roentgenograms revealed 
areas of rarefaction in the mctaphyses. I et- 
iosteal elevation was usually present. In 
some cases, healing of the lesions was noted 
on admission. In all cases, the roentgeno- 
grams offered an excellent opportunity to 
study the course of the infection. 

Destruction of the epiphyseal cartilage, 
epiphyseal center and cartilage of the joint 
seems to be the most common and most 
serious complication, as it is followed by a 
disturbance of growth of cnchondral bone 
with ultimate deformity. A persisting .se- 
questrum was seen in only i case. 

Treatment consisted of immobilization 
and supportive measures. Drainage of one 
or more abscesses was performed in 8 cases. 
In no instance was a direct surgical attack 
upon the bone necessary for drainage. One 
case received penicillin and another sul- 
fonamides without surgical interference. 
Drainage was combined with chemo- 
therapy in 4 patients. The small number of 
cases does not allow us to draw conclusions 


joint is involved at the time of the first ex- 
amination. The possibility of primary sup- 
purative arthritis must occasionally be 
considered. When Cases ix and x were 
first seen in our hospital they revealed de- 
struction of the capital epiphyses, acetab- 
ula and metaphyses. The clinical and roent- 
genographic courses, however, were similar 
to those in other cases and we believe that 
the infection was primarily an osteomyeli- 
tis. 


regarding the type of chemotherapy which 
promises better results. We believe that all 
soft tissue abscesses should be drained early 
and that penicillin should be administered. 
In cases with associated suppurative ar- 
thritis early drainage will minimize the de- 
struction of the joint. In addition, all af- 
fected extremities should be immobilized 
and supportive measures instituted. 

SUMMARY 


Six of our lo cases had a history of upper 
respiratory, umbilical or cutaneous infec- 
tion, while the mother of one had a breast 
abscess. These observations are in accord 
with those of others who described similar 
infections accounting for the bacteriemia 
and subsequent osteomyelitis. 

Local swelling and malfunction of an ex- 
trernity were usually the first signs. Sys- 
temic manifestations were minimal, even 
t lough in several cases the lesions were 
multiple at the onset. Rapid improvement 


I. 1 en cases of osteomyelitis in infants 
under six months of age are reported. 

• benign course of the disease and 

Its differences from the disease in older 
children are emphasized. The pathologic 
process was reversible in several cases and 
dm clinical recovery in all cases was com- 

3- Roentgenograms are invaluable in de- 
ecting the presence of the disease, in fol 

!7"hVe“d*r 
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4. Involvement of a joint is common and 
is the most serious complication. 

5. Good treatment consists of: (a) sup- 
portive measures; (^) early, adequate 
drainage of the soft tissue abscesses; (<•) 
immobilization; (^) chemotherapy. 

The authors are indebted to Dr. H. D. Kerr ajid 
Dr. J. W. Dulin for their valuable suggestions in 
the preparation of this paper. 

Dr. R. A. J. Einstein 
615 South Westlake Avenue 
Los Angeles 5, California 
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THE OCCASIONAL APPEARANCE OF BOTH INNER 
AND OUTER SUTURE LINES IN ROENTGENO- 
GRAMS OF THE SKULL SIMULATING 
FISSURE FRACTURE 

By MAJOR GERHARD DANELIUS 
Medical Corps, Army oj the United States 

T he anatomical fact of the existence of the last decade; however, illustrations with 
separate suture lines for the outer and correct description of the double suture line 
the inner tables of the calvarium has been have been published by Dyke’’" and by 
given comparatively little consideration in Schwartz.^'*’ 

the roentgenological, surgical and ana- Analysis of illustrations of the calvarium 
tomical literature. Since it has led to the in anatomical textbooks such as in Spalte- 
erroneous diagnosis of fissure fracture of holz’ “Hand Atlas of Human Anatomy,”* 
the skull, it is worthy of discussion. Many reveals a surprising difference in the ap- 
textbooks on roentgen diagnosis, including pearance of the two sutures. The sutures of 
those dealing exclusively with roentgen the inner table form comparatively straight 
diagnosis of the skull and diagnosis of frac- lines while the sutures of the outer table 
tures, fail to mention this anatomical de- present the well known serrated appear- 
tail. No specific paper dealing with this ance. This difference is equally well demon- 
subject was discovered in the literature of strated on the specimen of a skull (Fig. i, 
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Fig. 2. Roentgenogram of the same skull photo- 
graphed in Figure i, showing "double suture lines” 
in the sagittal and right coronal sutures. 

A and E). A roentgenogram of the same 
dried specimen (Fig. 2) shows both suture 
lines superimposed with the straight su- 
tures of the tabula interna crossing the me- 
anderings of the external suture lines. 

In routine skull roentgenograms this 
“double suture line” is most frequently seen 
in the sagittal suture and the medial por- 
tions of the coronal and lambdoid sutures. 
It may appear in other sutures and is not 
necessarily symmetrical. It is most clearly 
demonstrated where there are other sutural 
variations, such as the persistent frontal 
(metopic) suture. 

The illustrations (Fig. 3, A and B) show 
these double lines in a patient with no 
history of any previous injury to the skull. 
The roentgenogram reproduced in Figure 
4. A was taken following an epileptic attack 
and diagnosed at another hospital as a 


“linear fracture of the anterior portion of 
the left parietal bone.” In this department 
the suspected line was considered to be a 
double suture line; this interpretation is 
given added strength by the demonstration 
in the same patient of another double 
suture line along the sagittal suture (Fig. 
4 ^). 

In personal discussions with competent 
specialists in various fields, lack of fami- 
liarity with this anatomical curiosity was 



Fig. 4. A, erroneous diagnosis of “fissure fracture of 
the skull” in a case of double suture lines of the 
coronal suture. B, demonstrating the presence of 
double lines over the sagittal suture of the same 
patient. 
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evident. Again repeated erroneous diagno- 
sis of fissure fracture of the skull based on 
roentgenological demonstration of these 
double lines was encountered. Therefore it 
seems appropriate to re-emphasize this 
anatomical relationship in order to avoid 
diagnostic errors. 

CONCLUSIONS 

1. Anatomical and roentgenological il- 
lustrations demonstrating the phenomenon 
of the “double suture lines of the skull” are 
presented. 

a. The origin of these double lines is 
analyzed as being caused by the super- 
imposition of the comparatively straight 
inner sutures upon the serrated outer 
suture lines. 

3. A warning is issued against the er- 
roneous diagnosis of a “fissure fracture of 
the skull running along the suture” and a 
pertinent case is illustrated. 
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duplication of the entire large intestine 

(COLON DUPLEX) 

REPORT OF CASE* 

By HARRY M. WEBER, M.D. 

Seclio)! on Roentgenology 
and 

CLAUDE F. DIXON, M.D. 

Division oj Surgery 
Mayo Clinic 

ROCHESTER, MINNESOTA 

17 ARLY in October, 1944, a healthy look- not a part of the contrast enema because its 
Eing rather corpulent young woman concentration was so uniform throughout 
was referred by a medical consultant of the and because the lumen containing it could 
Mayo Clinic to the Section on Roent- be shown to communicate neither with the 
genology for examination of the large in- normal colon nor with the outside of tlie 
Ltine. The consultant noted only that she body. Since the excretion of calcium occurs 
had been suffering from obstipation. Proc- chiefly through the mucous membrane of 
toscopic examination performed the day the large intestine, we reasoned that the 
before had revealed that the rectum and opaque element in this material \yas cal- 


lower portion of the sigmoid colon were 
normal except that they were displaced 
markedly toward the right side by what 
was thought to be a mass in the left side 
of the pelvis. 

Preliminary roentgenoscopic inspection 
of the abdominal field revealed nothing 
abnormal. After the contrast enema was 
begun, it was evident that the rectum was 
displaced toward the right side and the 


cium, and that it was concentrated in the 
anomalous colon because the mucous 
membrane retained its function of excreting 
calcium even without a channel through 
which to eliminate it. The extra colon had a 
well formed rectal ampulla and sigmoid 
loop. Its course ran parallel to that of the 
normal colon throughout; the rectal, sig- 
moidal, descending, cecal, and ascending 


portions lay lateral to, and the transverse 
dim outline of a pelvic mass could be seen, portion above, the analogous normal por- 
No other roentgenoscopic evidence of in- tions (Fig. 'lb). The anatomic relationship 
testinal abnormality was elicited. Postero- of the two lumens was obviously intimate, 
anterior and anteroposterior roentgeno- Along the inferior border of the lumen of 
grams of the abdomen were made after the normal colon a short crescentic de- 
the patient had expelled the bulk of the formity was visible (Fig. 1 and la). The 
enema (Fig. i). Immediately cause of this was not determined pre- 


contrast 

thereafter the colon was redistended with 
air in an attempt to determine more 
adequately the anatomic relation of the 
pelvic mass to the rectum and sigmoid 

tTig. 2a) A diagnosis of duplication of the before the patient came under our observa 
entire colon was made. tion. ' uuserva 


operatively, but after the operation we 
decided that it was probably a site of 
reaction in the region where surgical 
drainage had been instituted elsewhere 


The supernumerary colon, which con- 
tained a material impervious to roentgen 
rays, was visible on the roentgenograms. 

' ’ ^ were and still are convinced that the 
material in the supernumerary colon was 

• R«d « A. .nnuM meeting of the Minnesota Radiological Society, St. Paul, Minn., May a6, ,945. 
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The patient was a married woman, aged 
twenty-seven, who since the first week in Sep- 
tember, 1944 had been having attacks of sharp 
pam across the lower part of the abdomen ac- 
companied by obstipation. The obstipation was 
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Fig. I . a, anteroposterior and b, posteroanterior roentgenograms of the colon after the contrast enema was 
expelled. The denser shadow is the normal colon showing the rectum displaced toward the right side and 
the sigmoid colon elevated by the pelvic mass made up of the ampulla of the extra rectum and sigmoid 
colon. The arrows point to the crescentic deformity referred to in the text. The course and contour of the 
duplicated colon are best shown in a. 


so severe that emptying of the intestine was ac- 
complished only with the use of enemas. On one 
occasion she took a laxative which did not re- 
lieve the pain she was having although it did 
promote defecation. Two days later her tem- 
perature rose to 107° F. and she had chills. The 
patient was taken to a hospital, was given fluids 
by the intravenous route and a hypodermic in- 
jection of a sedative. Her temperature returned 
to normal after a short interval. During the at- 
tacks the patient noticed much rumbling in the 
abdomen. She was always able to pass gas by 
rectum but she was never able to pass feces 
without the use of enemas. She also noticed 
that it was becoming progressively more diffi- 
cult for her to expel enemas, chiefly because the 
abdominal pain and cramps were increasing 
steadily in severity. Blood was never noticed in 
the stool. The patient had been nauseated but 
she had never vomited. In the final six weeks 
before registration at the Clinic she had lost 20 
pounds (9.1 kg.). 

There had been ser'eral similar attacks of ab- 
dominal difficulty before the onset of this series 
of events. The patient was seen at the Clinic in 
1919 when she was eighteen months old. At 


that time congenital dislocation of the right 
hip was reduced successfully by manipulation 
and application of a double spica cast. In 1921, 
when the patient was three years old, she was 
operated on elsewhere for acute intestinal ob- 
struction. The surgeon relieved what he called 
a “kink” in the region of the sigmoid flexure 
and created an opening into what he thought at 
the time was the colon but which he subse- 
quently came to believe was a mesenteric cyst. 
In 1937, when the patient was about nineteen 
years old, the same surgeon operated on her 
again, this time for acute appendicitis. He re- 
moved two appendices, both from the tip of 
the cecum, one of which was gangrenous. The 
abdomen was not explored at that time because 
of the acute inflammatory condition of the ap- 
pendix. Three years later, in 1940, the same 
surgeon explored the abdomen, this time be- 
cause of symptons of partial intestinal obstruc- 
tion. He tried unsuccessfully to remove what he 
thought was the mesenteric cyst so he again 
drained it. Recovery was satisfactory, but a 
cutaneous fistula which opened and closed at 
intervals persisted in the abdominal scar. hen 
draining, it usually yielded serous fluid but 
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there were times when gas and liquid feces 
emerged through the opening. In other respects 
the patient remained well until the renewed 
onset of symptoms in 1944 when the surgeon 
observed an enlarging pelvic mass. 
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Fig. 3. Excretory urograms made five days after the roentgenologic examination of the colon: five minutes 
after injection of urographic medium and b, twenty minutes after injection of urographic medium. The 
normal colon is moderately distended with gas; the duplicated colon contains the same concentration of 
opaque material which was shown in the roentgenograms of the intestine. No shadow of kidney or ureter 
is seen on the right side; the pelvis of the left kidney and a portion of the left ureter may be seen at the 
level of the fifth lumbar vertebra. Cholecystographic examination had been done the day before; the dye- 
laden gallbladder is projected over the hepatic flexure of the colon on a. 


visible as was the left ureter throughout most of 
its course. 

Surgical exploration was advised with the 
idea of removing the supernumerary colon. On 
October 17, 1944, surgical exploration was un- 
dertaken by one of us (C. F. D.). A primary low- 
er left rectus incision was made. Duplication of 
the entire colon with a common mesentery was 
found. The colon seemed to be about five to six 
times larger than normal, and the presence and 
the position of the longitudinal bands of the 
cecum and ascending colon established the fact 
of duplication there. The colon continued as a 
double organ in this manner around to the mid- 
dle of the descending colon where the two colons 
became more distinctly separate. The vascular 
supply originated from the same mesentery. 
The most lateral portion of intestine extended 
down to a point just below the pelvic peritoneal 
fold, where, as nearly as could be determined, it 
ended blindly (Fig. ib'). This lateral segment 
was distended about six to eight times the size 
of a normal colon. .A tube passed into the rec- 
tum entered the mesial portion of the dupli- 
cated bowel not the lateral segment. In the re- 


gion of the first portion of the sigmoid, there 
was evidence of active inflammation where the 
lateral or blind end of the bowel had been 
drained previously (Fig. i and ia at arrows). 
This was the site of communication of the cu- 
taneous fistula, and in this immediate region 
there was also a narrow fistula, 2 or 3 mm. in 
diameter, running an oblique course between 
the normal colon and the supernumerary one. 
Since there was marked inflammatory reaction 
in this vicinity, the descending and sigmoid 
portions of both colons were freed from the ab- 
dominal wail, and about 8 to 10 inches (20.3 
to 25.4 cm.) of each was resected after exterior- 
ization and application of clamps. A future 
operation was anticipated at which time the 
continuity of the colon would be re-cstabii.siied 
and the spurs would be crushed in two direc- 
tions in order to have the blind end of the bowel 
empty properly. Further exploration of the ab- 
domen revealed the liver and gallbladder to be 
normal. There was no evidence of a kidney on 
the right side. The left kidney which was in nor- 
mal position seemed by palpation to be about 
one and a half times normal size. Explora- 
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Fig. 4 a and b. Roentgenograms of the abdomen six months after operation. Other than gas-containing loops 
of large intestine, especially in the region of the splenic fle.xure, the roentgenograms reveal nothinc 
abnormal. ® 


tion of the pelvis revealed two infantile uteri. 

MacCarty reported as follows on the speci- 
men of 15 cm. of large intestine delivered to 
him for examination: “The specimen consists of 
two segments of large bowel, attached to each 
other throughout their length. One segment ap- 
pears to be normal colon. The other is some- 
what narrower and shows areas of superficial 
ulceration.” 

At the time of the second operation, surgical 
re-establishment of the continuity of the ex- 
teriorized loops of the two colons was accom- 
p ished by end-to-end anastomosis, producing 
what is essentially a colocolostomy in the mid- 
sigmoid. 

The patient was seen at the Clinic again on 

having some minor 
km 

exarn'inm' respects. Roentgenographic 

re, " ' d "'f 1'^" that the 

loneer supernumerary colon no 

of ktesVLl exception of small collections 

intes fme rbl®''' course of the large 


REVIEW OF literature 

We reviewed the available literature on 
conditions of this kind as completely as our 
facilities permit. Reports of duplication of 
the small intestine are relatively frequent. 
No instance was found of a duplication of 
the large intestine in which the super- 
numerary intestine had no communication 
with the small intestine above it nor with 
the outside via the rectum. This is the only 
example we were able to find in which 
duplication of the entire colon was demon- 
strated roentgenologically. It is also the 
only instance in which a correct preopera- 
tive or prenecroscopic diagnosis of the con- 
dition was made. 

Duhem and Monmignault, in 
published roentp„og,j„j they made rf a 
three year old child who had a duplicaJbn 
of the rectum and sigmoid; the paShad 

ritan:::„s7y:ro%a^“^^^^^^^^^^^ 

-injerSTnto'^^ 
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into the left anus filled a cavity which 
looked like a rectal ampulla; when the 
material was injected into the right anus 
it filled the cecum. Ombredanne made a 
report of the same case in the same year. 
Ballance operated on a patient who had 
an imperforate anus. At the operation he 
discovered that there was a complete 
duplication of the colon extending from the 
rectum "nearly or quite as far as the 
cecum.” This patient was a ten year old 
girl who had two rectal orifices opening into 
the lower and posterior vaginal wall on 
both sides. Injection of contrast suspension 
into these openings showed that there were 
two rectums and sigmoid colons but the 
rest of the colon was not outlined on the 
published reproduction of the roentgeno- 
grams. Gray reported an instance of 
triplication of the colon in an infant who 
was admitted to a hospital when one week 
old and who died nine months later. The 
diagnosis was- made at necropsy. Grohe, in 
p re roentgenologic times, reported the case 
of a young girl who was discovered, in a 


series of laparotomies, to have a complete 
duplication of the large intestine com- 
plicated with many genitourinary con- 
genital anomalies. Asai, a Japanese, also 
reported a case of duplication of the large 
intestine, the diagnosis having been made 
at laparotomy. 

Mayo Clinic, 

Rochester, Minn. 
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CLUBBED FINGERS^^ 


By ROBERT CHARR, M.D., 

PHILADELPHIA, 


T he purpose of this communication is 
to report certain roentgenologic find- 
ings in the arteries and arterioles, as well 
as to show the infra-red photographs of the 
superficial vessels in clubbed fingers. 

MATERIAL AND METHOD 

The material studied consisted of 6 cases 
of bilateral clubbed fingers. In 3 cases, at 
autopsy, the brachial arteries were injected 
with a suspension containing 90 gm. of 
barium sulfate and 180 cc. of water, after 
which roentgenograms were made of the 
hands. In a cases, the superficial vessels 
were photographed, using an infra-red fil- 
ter. 

CASE REPORTS 

Case i. The patient was a woman, aged 
twenty-five, who died of fibroid pulmonary 



Fig. I. An arteriogram of the normal hand 
without clubbing of the fingers. 


tuberculosis. Bilateral clubbing developed 
about three months prior to her death. When 
compared with the arteriogram of the fingers 
ckibbing (Fig. i)^ the arterioles in this 
case are more numerous and prominent about 
le termmal phalanges, forming a compara- 
tively heavier network about the finger tips 
Ung. 2 and 3). & v 
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Fig. 2. An anteroposterior arteriogram of the hand 
in Case i. 
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Fig. 4.' An anteroposterior arteriogram of the hand 
in Case :i. 


Case n. The patient was a woman, aged 
tliirty-five, who died of fibroid pulmonary 
tuberculosis with a tuberculous empyema. The 
clubbing developed in both hands about six 
months prior to her death. Again the terminal 
arterioles appeared comparatively more numer' 
ous and dilated than in the normal control (Fig. 
4^nd5). 

Case 111. The patient was an anthracite coal 
miner, aged forty-five. He had far advanced 
anthracosilicosis with superimposed ulcero- 
caseous pulmonary tuberculosis. The clubbing 
was not prominent; it developed about six 
months prior to his death. The multiplicity and 
fullness of the terminal phalangeal arterioles 
are again evident (Fig. 6). 

Case iv. 'Hie patient is a man, aged forty, 
who is now under treatment for far advanced 
bronchiectasis. The infra-red photograph of his 
liands (Fig. 7) shows that the superficial vessels 
are more numerous and engorged than in the 
control patient without clubbing (Fig. 8). There 
was no eviticnce of congestive heart failure- 

Case v. '1 ins patient is a man, aged twenty- 


five, who has congenital stenosis of the pulmo- 
nary artery with a possible interventricular sep- 
tal defect. Recently he developed exudative 
pulmonary tuberculosis. The vessels of the 
fingers are dilated and engorged (Fig. 9). When 
the arms are elevated the vessels almost com- 
pletely empty and the balls of the clubbed fin- 
gers become shriveled. When the arms hang 
again, the vessels become engorged and the 
finger tips bulbous. The patient always has con- 

I 



Fig. 5. An oblique arteriogram of the hand in Case n. 

siderable cyanosis, but no signs of myocardial 
insufficiency. 

Case vi. This man, aged forty-two, was a 
patient of Dr. M. J. Sokoloff. He developed 
pulmonary necrosis of the left upper lobe fol- 
lowing two attacks of what appeared to be 
virus pneumonia. The earliest change in the 
fingers was erythema of the nail beds and the 
thenar and hypothenar eminences of the palms. 
Gradually the finger tips became bulbous and 
the nails curved. As the necrosis of the left 
lung became more extensive, he developed high 
and irregular fever varying between loi and 
io3 °F. 'Fhe palms perspired almost continually. 
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Fig. 6. An anteroposterior arteriogram of the hand 

in Case iii. 

Early in the morning, when the temperature 
was relatively low, urticaria appeared on the 
erythematous thenar and hypothenar regions 
of the palms associated with considerable 
pruritus. The urticaria recurred almost daily 
only on the palms until the time of lobectomy 
following which he died. 

DISCUSSION 

The roentgenologic studies in clubbed 
fingers thus far have dealt with the changes 
of the bones. The conclusions drawn have 
been briefly these: In the early stage there 
is no change of any sort.^^ In the advanced 
cases, increased flare of the ungual process 
of the terminal phalanges was noted.’^- If 
clubbing developed during the growing pe- 
riod, the terminal phalanges became hyper- 
trophied and longer than normal,^® espe- 




Fig. 8. An infra-red photograph of normal hands. 

cially in unilateral clubbing with venous 
stasis." In the far advanced stage, osteo- 
porosis'” or complete resorption'” of several 
or all the terminal phalanges was seen. 
Hypertrophic osteoarthropathy of the 
bones of the hands with proliferation of 
subperiosteal new bone was a common pic- 
ture. Occasionally the terminal phalanges 
were encapsulated with newly formed peri- 
osteal bone.'® 

In the present study on recent clubbing 
without osteoarthropatliy, the roentgen- 
ologic studies were made with a view to 
demonstrate possible arterial changes in 
the clubbed fingers. Attempts were made 
to demonstrate the status of the vessels in 
the living by means of an opaque material 
(diodrast) injected into the radial arteries, 
but certain technical difficulties prevented 
obtaining satisfactory roentgenograms of 
the fingers. The rapidity of dilution of the 



Fig. 9 . An infra-red photograph of the hands 
m Case v. 
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opaque material and the difficulty of rapid 
injection made contrasting densities poor; 
moreover, there was difficulty in synchro- 
nizing the time of exposure with the injec- 
tion. We therefore turned to the more es- 
tablished method, using barium. 

I’he postmortem arteriograms showed 
that the arteries and arterioles were more 
numerous, their lumens wider, and the 
ungual processes were covered with a 
heavier network, of arterioles. The infra- 
red photographs of the clubbed fingers 
demonstrate greater prominence and num- 
ber of the supei-ficial vessels than normal. 
In the case with congenital heart disease, 
the increase in the soft tissues about the 
terminal phalanges was found to be in 
direct proportion to the degree of engorge- 
ment of the vessels. 

The findings in these 6 cases substantiate 
the previous anatomic studies*® which have 
shown dilatation and increased thickness of 
the vessel walls as well as a new formation 
of capillaries,-' increase in the tissues of the 
finger tips, particularly in the fibrous elastic 
tissue of the nail beds,®^ increase in the area 
of the nail and skin corresponding with the 
increase in volume of the underlying tis- 
sues,' increased thickness of the epidermal 
tissues,®- of the periosteum and of the un- 
gual process of the bone itself.®® Atrophy of 
the bone 14 had been noted in the later 
stages when studying the tissue sections. 

Studies have been made to determine the 
state of blood flow in the clubbed fingers 
with somewhat conflicting findings. Capil- 
lary stasis with decreased blood flow and 
constriction of the capillaries were noted." 
Dilatation and even aneurysmal loops were 
seen in others.®® .A determination of the skin 
temperature by means of the thermocouple 
showed lowered temperature in the clubbed 
extremity, suggesting decreased blood flow. 
Just the opposite findings have been en- 
countered by others.®® These variations 
might have been due to different physio- 
logic conditions present at the time of the 
studies, such as temperature, fear, and 
other emotional factors. Under regulated 
conditions of the environmental tempera- 
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ture and emotions with a relaxation of 
sympathetic tone, the colorimetric determi- 
nations showed increased blood flow per 
square centimeter in the finger tips.®® In a 
patient with lung abscess in which clubbing 
disappeared after the recovery from the 
disease, the blood flow was shown to return 
to normal.®® The antecubital venous'® and 
the brachial arterial®® pressures in sym- 
metrical clubbing were normal. The 
thought that the clubbing is largely hyper- 
trophy and hyperplasia as a result of over- 
nutrition brought about by increased pe- 
ripheral blood flow seems to be a popular 
notion at present. 

Attempts have been made to produce 
clubbing in experimental animals. Intro- 
duction of exudate from pulmonary abscess 
into the rectum,® intravenous injection of 
tubercle bacilli and other pyogenic organ- 
isms,® paraffin injection into the lungs,® 
ligation of the bronchi and chronic conges- 
tion®® all failed to produce clubbing. 

Hypertrophic osteoarthropathy has been 
produced experimentally in a dog by anas- 
tomosis of the left pulmonary artery to the 
left auricle. This produced a lesser circuit 
shunt simulating the circulatory status 
seen in congenital heart disease with cya- 
nosis. The shunts were not followed by any 
changes of the circulation time, venous 
pressure, or oxygen consumption. The out- 
standing finding was an increase in sys- 
temic cardiac output, the blood flow 
through the lungs remaining comparatively 
normal.®' 

Many theories have been advanced on the 
pathogenesis of clubbed fingers. Emacia- 
tion,'® chronic infection,®® toxemia,'® capil- 
lary stasis due to back pressure from the 
heart and lungs,®' local tissue anoxia,' mal- 
function of the pituitary,® thyroid,®' para- 
thyroid glands,' gonads,®' nerve injury,®® 
lymph stasis,® changes in blood volume,®® 
increased intracranial pressure,®® vitamin 
deficiency® have been considered. Future 
studies will have to take into considera- 
tion the facts herewith presented. I'lic vas- 
cular changes with an increased blood flow 
as shown by the present roentgenologic 
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study will also have to be considered as an 
etiologic factor. 

In Case vi one wonders whether tlie 
urticaria was not in some way related to 
histamine-like substances liberated by the 
pulmonary necrosis into the blood stream. 
It has been shown that the pulmonary 
parenchyma contains a considerable con- 
centration of histamine. 


SUMMARY 

Six cases of bilateral clubbed fingers 
were studied. In three cases the arterial sys- 
tems of the hands were injected postmor- 
tem with barium sulfate suspension and 
roentgenograms made. In two cases the su- 
perficial vessels were visualized by photo- 
graphs using an infra-red filter. In onoj 
urticaria recurred on the palms. The com- 
mon finding in these cases was increased 
vascularity about the clubbed fingers, par- 
ticularly about the ungual processes. 

The etiology of clubbed fingers is un- 
known. The prevailing impression seems to 
be that the clubbing is largely a hyper- 
trophy and hyperplasia of the tissues about 
the terminal phalanges as a result of in- 
creased nutrition brought about by an in- 
creased peripheral blood flow. 

Jefferson Hospital 
Philadelphia 7, Pa. 
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CONGENITAL DISLOCATION OF THE HIP 

REPORT OF CASE 

By BURTON W. TRASK, M.D. 
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The patient, Margaret H., was born at the 
Margaret Hague Maternity Hospital, Jersey 
City, N. J., at 6:15 a.m. on November 27, 
I933 j weight 2,410 grams. Because of the weight 
the baby was considered premature. Period of 
gestation was thirty-eight weeks. There was a 
normal spontaneous delivery. The baby was 
active and well nourished. Discharge from the 
hospital was on the eighth postpartum day. 
General condition was excellent. A small cu- 
taneous depression was noted at the level of 
the lumbar and sacral joint, and roentgen ex- 
amination was obtained of this part. That is 
the reason for the early roentgenograms. The 
report was within normal limits except for 


I. This shows the femoral head to 
with the acetabulum. 



enlarged thymus. Mother and child discharged 
about December 6, 1933. 

On June 4, 1935, at the age of one and one- 
half years she was brought to the Orthopedic 
Clinic of the Jersey City Medical Center by her 
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Fig. 3. On the right side there is a shallow acetabu- 
lum and a dislocated femoral head. 


Three exposures are presented: Figure i, 
lateral view of the hips and spine; Figure 2, an 
anteroposterior view of the pelvis and lower 
spine; Figure 3 , a pelvis. The first two are ex- 
posures taken at time of birth and Figure 3 was 


taken at the age of eighteen months. The early 
roentgenograms show the relation of the femoral 
head to the acetabulum. On the right side tlie 
femur is farther from tlie pelvis than the left 
side; also there is slight upward displacement 
of the femur. Figure 3 shows a classical dis- 
location of the hip on the right side and a partial 
dislocation on the left side. 

Examined so close to birth this case 
demonstrates that there can be a disloca- 
tion before all of the mechanical factors 
have crept into the picture. The acetabu- 
lum is shallow and becomes more shallow 
with the mechanical pull of the muscles 
and weight bearing. The potential factor is 
present for dislocation and it is aggravated 
by the mechanical and constitutional fac- 
tors. Ossification is slow on the affected 
side. Physical examination is helpful only 
in the cases with marked dislocation. The 
early cases might show shortening and 
some external rotation. After birth the hip 
joint is more labile in the female. This fact 
could account for the partial dislocation on 
the left side. Heredity is not always a fac- 
tor. Parents with dislocation have healthy 
children, while most children with dislo- 
cation have healthy parents. In this case 
the mother and father had no hip disease. 

21 8 Penobscot St. 

Rumford, Maine. 
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GIANT JUGULAR FOSSA 

WITH BRIEF NOTES ON THE ANATOMICAL VARIATIONS OF THE 

JUGULAR FOSSA* 

By F. Y. KHOO 

CHENGTU, CHINA 


I T IS common knowledge that the jugular 
fossa normally shows extreme develop- 
mental variations in size, shape and sym- 
metry. The fact that the jugular bulb lies 
so close to the tympanic region gives it 
special importance in relation to otological 
work. This is particularly true in the oc- 
casional case with an extremely^ large 
jugular fossa, the significance of which is 
aptly stressed by Stiles and Fraser in 
Cunningham’s^ textbook as follows: 

The floor of the tympanum is constituted 
mainly by the bone bounding the jugular fossa, 
which is occupied by the upper bulb of the 
jugular vein. When the sigmoid sinus is large 
and unusually far forward the bulb also is 
large; the fossa is consequently deeper, and 
arches up into the floor of the tympanic cavity, 
from which it may be separated merely by a 
thin and translucent plate of bone which occa- 
sionally shows an osseous deficiency. In cases 
where that condition existed the jugular bulb 
has been wounded in the operation of para- 
centesis of the tympanic membrane. 


A roentgenogram of the left mastoid ex- 
posed in the Law’s position on March 23, 
I939 j showed evidence of chronic mas- 
toiditis with moderate sclerosis. In addi- 
tion, an unusual shadow in the form of an 
oval, homogeneous, moderately radiolucent 
area (shape and size of an average grape) 
with a well defined thin bony wall re- 
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The warning that such accidents may 
happen is also mentioned in some otologic 
texts. Except for Mayer^ who had the large 
jugular fossa well depicted in roentgeno- 
grams, there appears to be practically no 
mention of this condition in the roent- 
genological literature. The object of this 
report therefore is to draw the attention of 
roentgenologists to this relatively obscure 
but Interesting condition. 

MATERIAL STUDIED 

I. Clinical. A patient suffering from 
c ronic mastoiditis was seen in the Peiping 
nion Medical College Hospital in 1939. 
etails of the clinical history are, un- 
rortunately not available. As far as I could 
recollect, the patient was a young subject. 

• From tho Department of Radiology, Peiping Union Medical 


Fig. I. Left mastoid. The giant jugular fossa is seen 
as an oval radiolucent area situated just below 
the acoustic meati. 

sembling a bone cyst, was seen lying just 
below the shadows of the acoustic meati 
but with its upper border partially over- 
lapping the inferior outline of the external 
acoustic meatus (Fig. i). The long axis of 
this radiolucent area was almost horizontal 
with a slight upward inclination ventro- 
dorsally. This shadow was taken to repre- 
sent an excessively large jugular fossa. The 
right mastoid (Fig. a) showed no evidence 
of a similar cyst-like shadow. A basal or 
submentovertex view of the base of the 
sku 1 taken a few weeks later showed up 

College, Peiping, nnd National Central University, Chengtu. 


333 



334 


F. y. Khoo 


March, 



Fig. 2. Right mastoid of same case shown in Figure i 
for comparison. No similar radiolucent area seen. 

A review of the mastoid roentgenograms 
taken in the first quarter of 1939 in the 
Peiping Union Medical College Hospital 
revealed another case with a' rather large 



L-. 

Fig. 3. Basal view of skull of case shown in Figures 
1 and 2. The radiolucent shadow of the left giant 
jugular fossa is seen lying lateral to and somewhat 
anterior to the transverse process of the shadow of 
the atlas. 



L 


Fig. 4. Photograph of base of skull. The right giant 
jugular fossa is seen lateral to the occipital condyle. 

right jugular fossa, though not so pro- 
nounced as in tlie case described above. 

2. Anatomical, {a) A collection of ap- 
proximately lao skulls in the Department 
of Anatomy of the Peiping Union Medical 
College was studied. A few skulls showed 



Fig. 5. Roentgenogram of right mastoid of skull 
shown in Figure 4. The giant jugular fossa is seen 
as a radiolucent area below and somewhat jKiS- 
terior to the acoustic mcati. 
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large jugular fossae, but there was one 
skull in particular that showed an un- 
usually large right jugular fossa the fora- 
men of which was of oval shape (Fig. 4). 
From a thorough roentgenological study of 
this specimen, it was found that only two 
positions, namely, the Law and submen to- 
vertex, offered good visualization for the 



6. Foentgenogram of base of skull of specimen 
sh^n m Figure 4. The right giant jugular fossa 
clearly seen lateral to the occipital condyle. 



Fig. 7. Roentgenogram of left mastoid of skull shown 
in Figure 4. No large oval radiolucent shadow is 
seen. 


large right jugular fossa (Fig. 5 and 6). 
Although precise figures are not available, 
this extremely large right jugular fossa was 
probably about 2 cm. wide and 2. 5-3.0 cm. 
deep. The left mastoid of the same skull 
was also roentgenographed for comparison 
(Fig- 7 )- 

{i>) Anotlier investigation was conducted 
on a collection of 260 skulls in the museum ' 
of the School of Dentistry, National 
Central University. The results of this 
study (Table i) shows that although the 
jugular fossa may be symmetrically de 
veloped in both sides (16.4 per cent), the 
righpugular fossa is larger than the left 
m the majority of cases (63.8 per cent), 
while the left fossa is larger than the right 
m only 20.8 per cent of cases. It is found 


Table I 



teSr" developed on 

Group 2 


R'ght jugular larger than left 


Group j 

Left jugular fossa larger than right 



a. Small 
Fossa 
(under 

0.5 cm.) 

b. Medium 
Fossa 
(0.5-1 .0 
cm.) 

16 skulls 

24 skulls 

(40%) 

(60%) 

[ 1 6 skulls 

40 skulls 

(70%) 

(24%) 

35 skulls 

15 skulls 

(64.6%) 

(^7-7%) 


c. Large 
Fossa 
(over 
i-o cm.) 


Total Number 
of Skulls and 
Incidence 


None 


10 skulls 

( 6 %) 

4 skulls 

(7.7%) 


40 skulls 
(16.4%) 

166 skulls 
(63.8%) 


54 skulls 
f2o 
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satisfactory to define three types of jugular 
fossae according to the size of their fora- 
mina, namely, (i) small (under 0.5 cm.); 
(2) medium (under i.o cm.); and (3) large 
(over 1.0 cm.) (see Table i). The foramen 
shows considerable variation in shape, 
appearing in smaller fossae as fissure- 
like or elliptical openings, and in the larger 
fossae as oval or rounded apertures. The 
bulb or cavity of the jugular fossa is also 
found to vary greatly in form, from a shal- 
low insignificant groove-like or V-shaped 
depression scarcely deserving the name of 
bulb in small fossae, to an oval, rounded or 
bulb-like cavity of good size in large 
fossae. Their interiors may be smooth or 
ridged, and often in the larger fossae a 
small rounded depression of about 2-3 
mm. may be found at the topmost part or 
dome, the appearance of which resembles 
the apex of a snail’s shell seen from in- 
side. 

There are 14 skulls showing large jugular 
fossae in this series, or an incidence of 5.4 
per cent. The largest fossa measures about 
1.5 cm. wide and 2.5 cm. deep. Its size, 
however, is mediocre when compared with 
the two examples described above. 

Among other findings is that the trans- 
verse sinus is invariably larger in the side 
showing a larger jugular fossa. Also, al- 
though large jugular fossae may be found 
in skulls of any size, the larger fossae are 
usually associated with large-sized skulls. 

An anomalous development is found 
in one right jugular fossa, namely, its 
foramen is completely enclosed by a ring of 
bone instead of being in open continuity 
with the foramen lacerum posterius. This 
abnormal foramen is rounded, and meas- 
ures about 3-4 mm. in diameter. 


SUMMARY 

^ The jugular fossa normally shows con- 
siderable variation in size. Because of up- 
ward extension,' the clinical significance of 
a large jugular fossa lies in the fact that it is 
apt to be punctured accidentally during 
paracentesis of the tympanic membrane. 

An extremely large or giant jugular fossa 
casts an unusual grapeshaped radiolucent 
shadow resembling a bone cyst in roent- 
genograms. For roentgen demonstration of 
a giant jugular fossa, it is found that two 
views offer the best visualization, namely, 
the Law and the submen tovertex positions. 

Anatomical studies on a series of 260 
skulls show that the jugular fossa is sym- 
metrically developed in 16.4 per cent of 
skulls, the right jugular fossa larger than 
the left 63.8 per cent, and the left larger 
than the right 20.8 per cent. In this series, 
about 5.4 per cent of specimens show large 
jugular fossae, but there is no instance of 
any unusually large jugular fossa. 

Based on two groups of skulls studied, 
the incidence of an unusually large jugular 
fossa appears to be about i in 380. 

The writer is indebted to Dr. Hsu, Tien-lu of the 
Peiping Union Medical College and to Dr. Chen, 
Hua of the National Central University, for their 
kind permission to publish findings from their re- 
spective collection of skulls. Thanks is .also due Dr. 
C. K. Hsieh and Dr. C. L. Hsu for other invaluable 
help. 

University Hospital, 

Ann Arbor, Michigan. 

REFERENCES 

1. Stiles, H. J., and Fraser, J. Cunninghams 

Text-Book of Anatomy. Edited by J. C. Brash 
and E. B. Jamieson. Seventh edition. Oxford 
University Press, 1937. 

2. Mayer, E. S. Otologische Rontgendiagnostik. J. 

Springer, Berlin, 1930. 



VoL. 55, No. 3 


PRESENT STATUS OF ROENTGEN THERAPY OF 
HYPERTHYROIDISM AND RELATED ENDO- 
CRINE DISTURBANCES* 

By GOTTWALD SCHWARZ, M.D. 
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TN CECIL’S well known Textbook of 
Medicine^ the chapter on the treatment 
of exophthalmic goiter, written by Eugene 
Dubois, contains the following sentences: 

The operative treatment of exophthalmic 
goiter is the method of choice. . . . Some of the 
severe cases are obviously unfit for any opera- 
tive procedure on account of cardiac insuffi- 
ciency. Others are in the stage of rapidly in- 
creasing severity, and an operation would pre- 
cipitate a crisis. Before the introduction of the 
use of iodine in large doses it was necessary to 
wait and hope that the stormy period would 
pass. Some of these inoperable cases did well 
under x-ray treatment. 

A few lines below the same author 
writes: 

Now the use of x-rays has been more or less 
abandoned, except in special cases where opera- 
tion is refused by the patient or is inadvisable 
for some other reason. 

Obviously these two statements con- 
tradict each other. If roentgen treatment 
IS indicated in cases characterized by 
cardiac insufficiency and rapidly increasing 
seventy of the symptoms, why has this 
treatment been abandoned in cases of less 
seventy. In my opinion, the answer to this 
question is: Because medical thinking in 

been 

fack to the 

ShoT” ■" 

m^the Sm U' inappropriate 

me United States since the roente-pn 

used «“>PV''nln>ic goiter was first 

Md Be* lo surgeons, Williams 

IQ Beck, m 1902 and 1905. 

situate 'irrurTasT”""' 

Goldaieher dedarj • 41 “'’°™“’ 

ucuarea. ihe surgery of 

■ 0,0. .rn... y„, car, J™.o- 


hyperthyroidism, that is, subtotal resection 
of the thyroid gland, is done less and less 
often, and internal treatment, with or 
without thiouracil (a compound of the 
sulfa group wdth a urea derivative) is 
preferable and gives excellent results.” 
Dr. McGavack® demonstrated this at the 
same symposium. 

Thiouracil was first used in 1941 by 
Mackenzie and McCollum on rats affected 
with toxic goiter, and in 1943 Astwood ad- 
ministered it to patients suffering from hy- 
perthyroidism.*' Characteristically enough, 
the most recent paper on this subject’ 
by Bartels,! is entitled : “Thiouracil; Its Use 
m the Preoperative Management of Severe 
Hyperthyroidism.” Here, again, we find the 
same prejudice in favor of surgical inter- 
vention. On the other hand, in December, 
1942, Soley and Stone’® published a pape^ 
entitled: “Roentpn Ray Treatment Tf 
Hyperthyroidism which was summarized 
in the American Journal of Roent 
and Radium Therapy as fol- 

Roentgen ray treatment of hyperthyroidism 
has been somewhat neglected in recent years 
Therefore, the authors report a series nf m « " 
cases treated in this way. ^ many 

The results show that roentgen irrpHIaf: 
dues thyroid tissue sufficiendy u 
same results as surgical iubtotaUhyroSlctomv' 
The best patients for roentgen treatmm^^ 
those with marked degree o4„phth7m"s 

-d P'.- M. R tS 

Thiouracil, Iodine and Sub oS 

tomy on the Exnnbrk 1 ^-hyroidec- 
*/roidism.” Stow stated 
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increase of the exophthalmos after subtotal 
thyroidectomy is a rule; even malignant 
exophthalmos may result; (2) that thioura- 
cil also increases the exophthalmos, al- 
though to a minor degree, and (3) that 
iodine treatment for exophthalmos in hy- 
perthyroidism is advisable. Dr. Ernest 
Gold, a surgeon of New York City, also 
did not very warmly recommend thyroid- 
ectomy in cases with marked exophthalmos, 
especially not in males whose goiter was not 
very large. 

Neither Dr. Stow himself nor Dr, Barr 
nor Dr. Smelser, who confirmed Dr. Stow’s 
statements, even mentioned the roentgen 
treatment of exophthalmic goiter. The 
authors only spoke against thyroidectomy 
and in favor of iodine treatment. From this 
quite recent paper, it is apparent that the 
roentgen treatment of exophthalmic goiter, 
and particularly of the pituitary, has fallen 
into such disuse that it is practically un- 
known here. 

If it is true, as Dr. Goldzieher said, and 
I think he is right, that "the surgery of 
hyperthyroidism is in a state of decline,” 
we may say that there are two methods of 
treating this ailment which are not in a 
state of decline: (i) roentgen treatment, 
and (2) the application of thiouracil, on 
which McGavack has given us such an 
impressive report. 

In 1907“ I found in collaboration Avith 
Hirschl that in cases of Graves’ disease, 
following roentgen irradiation over the 
thyroid gland, the alimentary glycosuria 
disappeared. It then occurred to me to try 
roentgen irradiation of the thyroid in 
diabetics and I published a preliminary 
note on roentgen treatment in diabetics. 
In practice I had no success. The sugar 
tolerance of the diabetics did not increase. 
At that time, the relations between the 
pituitary and the thj^roid were not yet 
known, neither the diabetogenic factor of 
the pituitary. So I irradiated the Avrong 
gland. It should have been the pituitary, 
not the thyroid. 

About the same time, I began roentgen 
treatment of hyperthyroidism. Since then. 


I have treated altogether about 300 cases 
of Graves’ disease in Holzknecht’s Labora- 
tory (Allgemeines Krankenliaus in Vienna), 
in von Noorden’s Clinic and in Wencke- 
bach’s Clinic in Vienna, as Avell as in my 
private practice, including this country. 

My first statistical report, ^2 
40 cases, reads as follows: “The tremor and 
resulting weakness or psychic excitement 
disappeared in 90% of the cases, the heart 
symptoms (tachycardia) in 90%, the meta- 
bolic disturbance in 60%, the exophthal- 
mos in 40% only.” This was a relatiAmly 
small number, but the results Avere ob- 
tained by irradiation of the goiter only. 
I Avant to stress this point! The same 
results were obtained in all my other cases 
treated by roentgen irradiation. Only 10 
per cent of the cases showed no improve- 
ment or discontinued the treatment. 

In 1909, shortly after the publication of 
the favorable results of the roentgen 
treatment, a great discussion developed in 
the Vienna Medical Society,’^ The surgeons 
Avere opposed to roentgen treatment of 
BasedoAv’s disease; and, in particular, von 
Eiselsberg warned against the formation 
of adhesions which might prove a great 
obstacle to surgery should a resection of 
the goiter later become necessary. But in 
1924 von Eiselberg himself declared that 
these feared adhesions Avere negligible. In 
the same debate, not only surgeons and 
radiologists but also neurologists, physio- 
therapists, climatologists and general 
practitioners participated, expressing their 
views bn the treatment and etiology of 
exophthalmic goiter. Winternitz, a promi- 
nent physiotherapist, provoked the au- 
dience to laughter when he described a 
peculiar case, dating from an early period 
Avhen nothing Avas knoAvn about the con- 
nection between the pituitary, the sex 
hormones and the thyToid gland. 

I collected my material carefully and 
again published my experiences in 19-^ 
and 1928.*^ In 1925, Dr. Hans Pollitzer, an 
assistant at Ortner’s Clinic (Allegmeincs 
Krankenhaus, Vienna), demonstrated what 
he termed cases of BasedoAv’s disease of 
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hypophyseal origin. These cases were 
characterized by the absence of the thyroid 
gland, pronounced tremor and high grade 
increase of the metabolic rate. Iodine treat- 
ment had no effect. Pollitzer’s important 
contribution was also based on a puiely 
clinical observation. In 1926, Borak- for 
the first time published good results o( 
roentgen treatment of the hypophysis, 
especially in post-climacteric women. This 
was a great step forward in roentgen 
therapy. However, this observation was not 
given a great deal of attention in America, 
although the good influence of roentgen 
irradiation of the pituitary in acromegaly, 
due to the decrease of excessive growth 
hormone of the pituitary’s anterior lobe 
(first described by Beclere in 1909), was 
reviewed by Percival Bailey from Cushing’s 
Clinic in 1915. 

After 1932, when Loeb discovered a 
thyrotropic hormone in the hypophysis, 
the whole subject was put on a clear ex- 
perimental basis. Still more interesting is 


factor. It is still unknown from which cells 
of the pituitary’s anterior lobe this exoph- 
thalmogenic hormone is secreted, but its 
close relationship with the gonadotropic 
hormone, perhaps prolan B, appears prob- 
able. 

One of my latest observations, made here 
in New York, was of a young woman, 
about twenty-eight, who suffered from 
Graves’ disease and amenorrhea, Roentgen 
treatment of the thyroid improved her 
condition considerably, as regards the 
tremor, metabolic rate and tachycardia, 
but the exophthalmos did not show ade- 
quate improvement until the hypophysis 
was irradiated. Simultaneously with the 
disappearance of the exophthalmos regular 
menstruation was resumed. 

Returning briefly to the history of roent- 
gen treatment of hyperthyroidism, it is 
noteworthy that Portmann,^® in “The 
Science of Radiology,’’ writes: 

The beginning of roentgen therapy for exoph- 
thalmic goiter should be credited to Williams 


the fact that exophthalmos can be induced 
more readily in a thyroidectomized animal 
than in an intact animal by injection of a 
hormone of the anterior lobe of the pitui- 
tary gland, which usually was identified 
with the thyrotropic hormone. In this 
respect Marine and Rosen’s’ (1933) and 
Smelser’s experiments in 1937 on guinea 
pigs were decisive. One may term this 
hormone sympathico- or better adreno- 
tropic (Coliip) or exophthalmogenic. Thy- 
rotropic would be the wrong term because 
this kind of exophthalmos has nothing in 
cornmon with the thyroid or thyroxin. 
Incidentally, Raab and Hutton irradiate 
the adrenal region in essential hyper- 
tension. According to Mayo, the blood 
pressure in toxic adenoma is always in- 
creased and exophthalmos is rare, whereas 
m true” Basedow’s disease the blood pres- 
sure is not increased but exophthalmos is 
a nays present. It would be appropriate in 
e\mry case of hyperthyroidism to irradiate 
t e pituitary also, and to irradiate, as I 
lave already said, the pituitary in diabetes 
on account of the increased diabetogenic 


(1902). Carl Beck discussed it but advocated 
operation, leaving the wound open and apply- 
ing irradiation postoperatively. It was not un- 
til several years later that favorable reports on 
the treatment of goiter began to appear in the 
literature in numbers. In 1904 Charles H. Mayo 
stated that he had observed the “sclerosing ef- 
fect,” which roentgen therapy produced in cer- 
vical lymph adenitis and concluded that the 
glandular activity of the thyroid might be re- 
duced, and therefore had treated ten cases, 
making it a rule “in severe cases of exophthal- 
mic goiter to treat by roentgen rays preopera- 
tively for from two to six weeks.” In 1906 
Pfahler and Thrush® made a report of thirty- 
one cases collected from the literature and their 
own experience. 


As mentioned before, my own ex- 
periences with this treatment commenced 
in 1908 and were neither pre- nor post- 
operative, but purely roentgen therapeutic 
applications. 


, — ■ ’ «^Liuc, reviewea more 

than 400 cases, of which 88 per cent im- 
proved. Soiland reported on 3,000 cases 
with about the same percentage of im- 
provement. 
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A highly accurate contribution to our 
subject was published in 1929, by Solo- 
mon/^ of Paris, He reviewed about 200 
cases treated by roentgen radiation, stressed 
that operations have an average mortality 
of 7 per cent, and found that after roentgen 
treatment of his own 100 cases of Graves’ 
disease, 70 per cent were cured, 27 per cent 
improved, and 3 per cent refractory. Solo- 


tary. This fact, together with my own 
observations, must lead to the conclusion 
that there are two kinds to exophthalmos, 
one pituitary in origin, and one thyroid 
in origin. 

My own technique of application of the 
roentgen rays is based on the principle that 
Graves’ hyperthyroid goiter should never 
be irradiated in one massive dose. The 



Fig. I. yf, recurrent hyperthyroidism after operation. Exophthalmos increased. B, exophthalmos reduced 
after roentgen treatment of the thyroid. (Prom Solomon.^'') 


mon also pointed out that 25 per cent of 
cases, of Graves’ disease recur after opera- 
tion. 

In these recurrent cases also roentgen 
therapy achieves excellent results. Figure i 
concerns one such case. The exophthalmos 
was moderate after thyroidectomy, but the 
eyelids were very much more widened than 
before the operation and gave the patient 
the well known frightened look. Directly 
contradicting Dubois, Solomon declares 
that roentgen treatment is the method of 
choice. There is no mortality unless the 
heart has been severely damaged pre- 
viously. It should be noted that Solomon 
irradiated the thyroid only, not the pitui- 


patient should always first he studied 
roentgenologically to ascertain whether a 
retrosternal goiter is present. Obviously 
a thoracic (retrosternal) goiter should also 
be irradiated. The average total dose for 
one series (three applications in one week) 
to the thyroid gland is 450 r, one from 
above and one from each side. The single 
dose is about 150 r. As a matter of routine, 
I always protect the latynx with a piece 
of lead rubber. 1 use about 160 kv. and a 
filter of 0.5 mm. Cu plus i mm, of alumi- 
num. If this method of divided doses is 
used, the so-called early deep reaction, 
which may lead to a deep h}'peremia and to 
initial increase in the thyroxin resorption, 
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never occurs. The first criterion of the 
effectiveness of the irradiation is the lower- 
ing of the basal metabolic rate. The in- 
crease in weight of the patient is usually 
apparent three weeks after the first series. 
If there is no considerable improvement 
after the first series, a second one and even 
a third series should be applied. In every 
case with marked exophthalmos the hy- 
pophysis should also be irradiated from the 
frontal and from both temporal sides, each 
dose being 200 r at 160 kv. with 0.5 mm. 
Cu filter. 

When this method of small fractionated 
doses is used, the danger of myxedema 
described by Richardson in 4 irradiated 
cases of Graves’ disease is avoided. Rother 
correctly points out that myxedema oc- 
curred also in cases of Graves’ disease 
which were absolutely untreated. At any 
rate, I have put this risk in my material as 
negligible. 

Comparing the thiouracil treatment with 
the roentgen treatment, we can see that 
both methods have nearly the same cura- 
tive effect. The underlying biological proc- 
ess is obviously the same in both methods: 


of iodine followed by thyroidectomy. They 
give o. I gm. of thiouracil six times a day 
for five days only. Considering that roent- 
gen irradiation usually does not result in 
improvement before the lapse of some 
weeks, whereas thiouracil may cause the 
basal metabolic rate to begin to improve 
within only five days, thiouracil treatment 
followed by roentgen irradiation seems 
reasonably indicated. 

In an article by Gargill and Lesses® 
published April 7,’i94S5 in which the 
danger of thiouracil in thyrotoxicosis was 
discussed, roentgen treatment is not even 
mentioned. I think it noteworthy that as 
late as July, 1945, in an article by Fishberg 
and Vorzimer'* roentgen therapy of the 
thyroid and pituitary is not mentioned. It 
appears that at present there is only the 
choice between subtotal thyroidectomy, 
iodine therapy and thiouracil medication. 

As roentgen rays suppress chiefly hyper- 
activity of cell growth and cell function, a 
normal thyroid or parathyroid is not 
affected by roentgen irradiation, but since 
a hyperactive and hypertrophic para- 
thyroid probably will be affected by 


a depression of the glandular function. No 
instance of a stimulating effect of roentgen 
rays has ever been proved. Roentgen rays 
suppress hyperactivity of cells in growth 
or function. Incidentally, it is interesting 
to note that if the w'hole body is subject to 
irradiation by roentgen rays or if any 
radioactive substance is injected, agranu- 
locytosis may also result. But this danger 
does not exist with roentgen treatment 
which is localized to the thyroid or hypoph- 
ysis. On the other hand, the thiouracil 
^eatment does not require any apparatus. 

he danger of agranulocytic angina and 
other serious conditions can be avoided by 
the maintenance dose. The so- 
called social indication exists in both 
methods. 

At the Congress of Clinical Endocrinol- 
( eptember, 1944) Grollman and 
'^hltord suggested a combination of tbi- 
ouraci therapy and roentgen irradiation as 
su stitute for the usual administration 


thiouracil or roentgen treatment, the dis- 
ease termed osteitis fibrosa cystica appears 
to be a proper indication for an attempt to 
use thiouracil also. The drug thiouracil will 
perhaps act favorably in myelogenous 
leukemia, in generalized or non-gen eralized 
roentgen sensitive cancer or sarcoma. 
Radium and thorium X salts, which by 
their radioactivity are related to roentgen 
rays, are stored in the bone marrow and 
thiouracil is also stored there, although not, 
like radium salts, permanently, a fact 
which makes the injection of those radio- 
active salts so dangerous. 

At the above mentioned Congress, Ast- 
wood stated that if thiouracil medication 
is stopped too early the metabolic rate 
rises again within five to forty-five days. 
However, when treatment with thiouracil 
was maintained for a period of from six 
to nine months, a continued remission oc- 
curred. But since a prolonged administra- 
tion of the drug may result in agranulocyto- 
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sis and other toxic reactions, the combined 
thiouracil-roentgen treatment should, at 
present, be regarded as the method of 
choice. Since roentgen treatment gives 
permanent results it should never be 
omitted. 

CONCLUSIONS 

(1) The roentgen treatment of hyper- 
thyroidism is a well proved method, giving 
at least the same good results as surgery 
and iodine treatment without any risk to 
the patient. 

(2) The roentgen treatment of the pi- 
tuitary gland should not be omitted, 
especially in cases with pronounced exoph- 
thalmos. 

( 3 ) Although thiouracil treatment is at 
present regarded as the method of choice, 
only competing with subtotal thyroid- 
ectomy or iodine treatment, the appar- 
ently forgotten roentgen treatment should 
be reinstated to its former important 
place. 

63 East 84th St., 

New York 28, N.Y. 
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EDITORIAL 


PNEUMOTHORAX IN YOUNG ADULT MALES 


T he occurrence of spontaneous pneu- 
mothorax is not so infrequent as has 
been thought. Such reports as have ap- 
peared in the literature have dealt with 
small groups of cases or with those which 
have presented unusual features or compli- 
cations. Most of the reports in which large 
numbers of cases are given have come from 
clinics or sanatoria dealing with tubercu- 
lous patients. Therefore it is of considerable 
interest to have a report on a large group of 
young adult males in which spontaneous 
pneumothorax occurred. 

Such a study has recently been published 
by Lieutenant Colonel John E. Leach.^ His 
report is based on 126 patients with 12.9 
episodes of spontaneous pneumothorax ob- 
served among the military personnel in an 
Army Air Forces Training Command. Since 
all the military personnel had a roentgeno- 
.gram of the chest made prior to entrance 
into the service and since many have roent- 
genograms made on entering active duty, 
the report dealing with such a group is of 
extreme interest and importance. 

In the 10.6 male patients with spontane- 
ous pneumothorax, one patient had one 
recurrence and one patient had two recur- 
rences during the period covered by the 
survey. The ages of the men ranged from 
eighteen to forty-one years and averaged 
04.8 years. It is of interest to note that 
there were no immediate fatalities m the 

It has been taught and believed that the 
onset of spontaneous pneumothorax is usu- 
ally sudden and is often associated with 
pronounced symptoms of dyspnea pam m 
the chest, pallor and evidences of cardio- 
vascular embarrassment. Contrary to this 

' l.each, J. E. Penumotliorax in young adult males- Arch. Jnt. 
Med., 1943. 76, a64-c6S. 


general belief and observation, in the pa- 
tients reported in Leach’s study the onset 
of the pneumothorax was gradual in an 
appreciable portion. In another appreciable 
portion the initial symptoms were either 
non-existent or quite mild in character, and 
the difference between those exhibiting no 
symptoms or only mild ones (63.5 per cent) 
and those exhibiting moderate and severe 
symptoms (36.5 per cent) is statistically 
significant. Leach suggests the possibility 
that the generally high state of physical 
fitness of the men in the Air Forces con- 
tributed to the mildness of the tymptoms. 

In the analysis of his cases he found no 
association between the severity of the re- 
ported symptoms at the onset of the attack 
and the degree of pulmonary collapse. In 
76 of the total cases there was nothing in 
.the past medical history that had any rea- 
sonable association with the onset of spon- 
taneous pneumothorax. Eighteen of the 
patients had infections of the upper res- 
piratory tract, many of which were mild. 
Although thirteen of the patients had an 
infection of the upper respiratory tract as- 
sociated with cough, it is significant that 
in only one instance did the pneumothorax 
occur during a period of coughing. 

It is of extreme significance that in the 
total 129 cases reported in Colonel Leach s 
survey, not one occurred during aerial 
flight.' It is of considerable interest that in a 
higher percentage of the cases reported, the 
onset of pneumothorax was associated v»it r 
a minimum of physical activity and m only 
a significantly lower percentage of cases 
was the onset associated with extreme 
physical activity. 

This finding suggested to Leach two pos- 
sible explanations; First, the amount of 
physical activity has little to do with tfic 
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onset of the average case of spontaneous 
pneumothorax, or second, the cause of the 
pneumothorax occurring at rest is quite 
different from the cause of that occurring 
during exercise. There was _ apparently in 
this group of cases no association between 
the amount of physical activity and either 
the symptoms or the degree of collapse 
of the lung at the onset. 

In the group of cases reported, the valvu- 
lar type of pneumothorax was an unusual 


occurrence. 

It has been noted before, by Ornstein and 
Lercher,2 that the more frequent occur- 
rence of spontaneous pneumothorax is on 
the right side and in the survey by Leach 
this also held true; 59.8 per cent of the oc- 
currences were on the right side. While this 
is significant, it was not apparent from 
this study why spontaneous pneumothorax 
occurs more frequently on the right side. 

The estimation of the percentage of col- 
lapse in pneumothorax is difficult, as 
Leach says, because of the differences of 
methods among roentgenologists in esti- 
mating the percentage and also variations 
in the technique of making roentgeno- 
grams. However, in this series of cases, the 
patients had degrees of pulmonary collapse 
estimated at below 33 per cent. 

The cause of the spontaneous pneumo- 
thorax was not determined for a great 
majority of the patients. Leach emphasizes 
the fact that subpleural emphysematous 
blebs or visceroparietal pleural adhesions 
could not be demonstrated on the roent- 
genograms but that these might have been 
present without their having been demon- 
strated. 

Complications during the course of the 
pneumothorax were infrequent. The aver- 
age length of hospitalization of the patients 
was 39.9 days, and 31.1 days was the av- 


in tercher, L. Spontaneous pneumothora 

■"'iividuals. ^uart. Bull. Sea Flew Hosf 
‘94-1 7 , 149-187. ^ 


erage number required for the air to be 
reabsorbed. 

It is of significance that of the 126 per- 
sons reported in this survey, 93 were re- 
tained in military service. It is also of 
significance that of the 41 patients who 
were flying personnel, the trained personnel 
and the student officers were either re- 
stored to flying directly after hospitaliza- 
tion or were suspended from flying up to 
twelve months and then restored, whereas 
the aviation cadets and aviation students, 
for the most part, were physically disquali- 
fied for further flying duty. 

In this group, there were seven patients 
who gave a positive history of previous 
pneumothorax. These seven patients had a 
total of eleven previous episodes of pneu- 
mothorax and it is of interest to note that 
five of the seven patients had recurrences 
on the right side; it is also noteworthy that 
these recurrences were not associated with 
unusual physical activity. 

It is extremely important that so large a 
group of healthy young adult males ex- 
hibiting spontaneous pneumothorax has 
been collected and analyzed. Contrary to 
what has been generally believed, the vast 
majority of these, namely in 85 out of 100 
cases, the onset of the attack occurred 
when the patient was at rest or during only 
mild physical activity. The frequency of 
the occurrence of spontaneous pneumo- 
thorax on the right side is still not ex- 
plained. Certain other facts of importance 
are gleaned from this report, namely that, 
on the average, the air can be expected to 
be absorbed in about twenty days in those 
patients who exhibit less than 50 per cent 
pulmonary collapse. 

It is of importance to note that from an 
analysis of these cases Leach arrived at the 
conclusion that there is no demonstrable 
relation between flying and spontaneous 
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Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


United States of America 

American Roentgen Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
^wa City, Iowa. Annual meeting: Netherland Plaza 
Hotel, Cincinnati, Ohio, Sept. 17-20, 1946. 

American College of Radiology 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago. 
Section on Radiology, American Medical Association 
Secretary , Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, Ohio. Annual meeting: San Francisco, Calif., July 
1-5, 1946. 

Arkansas Radiological Society 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello. Ark. Meets every three months and also at time 
and place of State Medical Association. 

Radiological Society of North America 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting; 1946, to be announced. 
Radiological Section, Baltimore Medical Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on Radiology, California Medical Association 
Secretary, Dr. Gordon G. King, 3700 California St., San 
Francisco 18, Calif. 

Radiological Section, Connecticut Medical Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Radiology, Illinois State Medical Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, 111. 

Radiological Section, Los Angeles County Medical 
Association 

Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

Radiological Section, Southern Medical Association 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooklyn Roentgen Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 
Buffalo Radiological Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Chicago Roentgen Society 

Secretary, Dr. F. H. Squire, 1754 W. Congress Stj, 
Chicago 12 , 111 . Meets second Thursday of each month 
October to April inclusive at the Palmer House. 
Cincinnati Radiological Society _ _ 

Secretary, Dr. Samuel Brown, 707 Race St., Cmannad, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

Cleveland Radiological Society 
Secretary, Dr. Carroll C. Dundon, 2065 Adelbert Road, 
Cleveland 6, Ohio. Meetings at 6:30 p.m. on fourth 
Monday of each month from October to April. 
Dallas-Fort Worth Roentgen Study Club 
Secretary, Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Worth, Texas. Meetings held in Dallas on odd months 
and in Fort Worth on even months, on third Monday, 
at 7:30 P.M. 

Denver Radiological Club 
Secretary, Dr. A. Page Jackson, Jr., 1612 Tremont Place, 
Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 


Detroit Roentgen Ray and Radium Society 
Secretap, Dr E. R Witwer Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Florida Radiological Society 
Secretary, Dr. J_. F. Pitman, Blanch Hotel Annex, I-ake 
City, Fla. Meetings in May and November. 

Georgia Radiological Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
Radiological Society of Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo, Meets third Thursday of each month. 
Illinois Radiological Society 
Secretary, Dr. Wm. DeHoIIander, St. John’s Hospital, 
Springfield, 111 . Meets three times a year. 

Indiana Roentgen Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meets annually second Sunday in May. 
Iowa X-Ray Club 

Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medical Society. 
Special meetings by announcement. 

Kentucky Radiological Society 
Secretary, Dr. W. C._ Martin, 321 W. Broadway, Louis- 
ville. Meets annually inLouisvilleon first Saturday in Apr. 
Long Island Radiological Society 
Secretary, Dr, Marcus Wiener, i430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg, monthly 
on fourth Thursday, October to May, 8:30 p.m. 
Louisiana Radiological Society 
Secretary, Dr. J. R. Anderson, ii30_ Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

Michigan Association of Roentgenologists 

Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year. Fall, Winter, Spring. 
Milwaukee Roentgen Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

Minnesota Radiological Society 
Secretary^ Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 

Nebraska Radiological Society 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 

New England Roentgen Ray Society 

Secretary, Dr. George Levene, Massachusetts^ Memorial 
Hospitals, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

New Hampshire Roentgen Ray Society 
Secretary, Dr. Richard C. Batt, Berlin, N. H. Four meet- 
ings a year. 

Radiological Society of New Jersey 
Secretary, Dr. H. R. Brindle, 501 Grand Ave., Asbury ^ 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by presidenL 
New York Roentgen Society 

Secretary, Dr. Ramsay Spillman, 115 East 61st pt., 
New York City. Meets monthly on third Monday, I'cw 
York Academy of Medicine, at 8:30 p.m. 

North Oirolina Roektoen Rat Society ~ , 

Secretary, Dr. Major Fleming, Rocky Mount, N. nn- 


• Secretaries of Sodeties not here listed are requested to send the necessary information to the Editor. 
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nual meeting, Carolina Hotel, Pinehurst, N. C., May 1, 
1946. 

North Dakota Radiological Society . , ^ 

Secretory, Dr. L. A. Nash, St. John s Hospital, Fargo. 
Meetings held by announcement. 

Central New York Roentgen Ray Society 
^<Tre/ary,Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

Ohio Radiological Society . 

Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Pacific Roentgen Society „ p t- 

Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of Cahtorma 
Medical Association. 

Pennsylvania Radiological Society 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Annual meeting, Berkshire Hotel, Reading, Pa., May 
17-18, 1946. 

Philadelphia Roentgen Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital, Meet- 
ings first Thursday of each month, October to May, at 
at 8:00 P.M., in Thomson Hall, College of Physicians, 

21 S. 22d St. 

Pittsburgh Roentgen Society 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.M. at The Ruskin on second Wednesday, 
each month, October to May inclusive. 

Rochester Roentgen Ray Society, Rochester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. Meets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain Radiological Society 
Secretary Dr. A. M. Popma, 220 N. FirstSt., Boise, Idaho. 

St. Louis Society of Radiologist s 
Secretary,Jir. Edwin C. ErnsL Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September, at a 
place designated by the president. 

San Diego Roentgen Society 
Secretary, Dr. Henry L. Jaffe, Naval Hospital, Balboa 
Park, San Diego, Calif. Meets monthly on first Wednes- 
day at dinner. 

San Francisco Radiological Society 
Secretary, Dr. Joseph Levitin, 516 Sutter St., San Fran- 
cisco 2, Calif. Meets monthly on the third Thursday at 
7:45 P.M., first six months of the year at Lane Hail, 
Stanford University Hospital, and second six months at 
Toland Hall, University of California Hospital. 
Shreveport Radiological Club 
Secretary, Dr. R. W, Cooper, Charity Hospital, Shreve- 
port, La. Meets montUy on third Wednesday, at 
7-30 e.M., September to May inclusive. 

South Carolina X-Ray Society 

Baptist Hospital, Columbia, 
S. L. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

Radiological Society 

^ternary Dr. J. M. Frfere, 707 Walnut St., Chattanooga, 
lenn. Meets annually at the time and place of the 
1 ennwset State Medka\ Assodauon. 

1 Radiological Society 

O’Bannon, 650 Fifth Ave., Fort 
’'^•gHext meeting, Dallas, Texas, Monday, 

^ OE Michigan Department of Roentgen- 
ology Staff Meeting 

ati'p evMing from September to June, 

at 7 P.M. at University Hospital. 

Semt^^n rf Conference 

son^ \\^’ m' ^300 University Ave., Madi- 

Thumday from 4:00-5:^ p.m., 

nS E. Franklin St., 

Seattle. 


Cuba 


SOClEDAD DE RADlOLOGfA Y FiSIOTERAWA DE CuBA 

President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

British Empire 

British Institute of Radiology Incorporated with 
the Rontoen Society l- j w • j 

Medical Members’ meeting held monthly on third !' nday 
at 2:30 P.M. and Ordinary Meeting at same time on 
following Saturday, October to May, 31 Welbcck St., 
London, W.i. 

Section or Radiology of the Royal Society of Medi- 
cine (Confined to Medical Members) 

Meets on the third Friday of each month at 4:45 p.m. 
at the Royal Society of Medicine i, Wimpole St., Lon- 
don, W. I. 

Faculty of Radiologists „ . 

Secretory, Dr. M. H. Jupe, 32 Welbeck St., London, W . 1 
England. , , _ , 

Section of Radiology and Medical Electricity, Aus- 
tralasian Medical Congress 

Secretary, Dr H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

Radiological Section or the Victorian Branch or the 
British Medical Association 

Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K. 1 ^W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly fVom March to November inclusive. 

Canadian Association or Radiologists 

Secretary, Dr. J. W. McKay, 1620 Cedar Ave., Montreal. 
P.Q. 

Societe Canadienne-Francaise d’Electrolooie et de 
Radiologie Medicales 

Secretary, Dr. Orig^ne Dufresne, 4120 Ontario St., East 
Montreal, P. Q. 

Section of Radiology, Canadian Medical Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
Radiological Section, New Zealand British Medical 
Association 

Secretary, Dr. Colin Anderson, Invercargill, New Zea. 
land. Meets annually. 

South America 

SociEDAD Argentina de Radiolooia 

Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD Peruana de Radiologia 

Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociaci6n Mddica Peruana 
“Daniel A. Carrihn, Villalta, 218, Lima. 

Continental Europe 

SociEDAD Espanola de Radiologia y Electrologia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

Societe Suisse de Radiologie (Schweizerische Ront- 
gen-Gesellschaft) 

Secretary for French language. Dr. Babaiantz, Geneva 
Secretary for German language. Dr. MaxHopf, Effinger- 
strasse 49, Bern. Meets annually in different cities. 
Societatea Romana de Radiologie si Electrolooie 
Secretary, Dr. pscar MeUer, Str. Banul Marhcine, 30, 
b. 1., Bucuresti, Rouraania. Meets second Monday in 
every month with the exception of July and August. 

Association, Leningrad; 

MSS’™™.®"' 

Leningrad Roentgen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin 
Meets monthly, first Monday at 8 o’clock. State InstTmte 
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DEVICE FOR PREPARATION OF 
EYES FOR ROENTGENOSCOPY 

To the Editor: 

The ordinary so-called roentgenoscopy 
goggles have been used many years for 
preparation of the eyes for roentgenoscopy 
and protection against white light between 
cases examined roentgenoscopically. These 
goggles are cumbersome, uncomfortable 
and conspicuous. After experimenting for 
some months with a filter material covering 
only the area of my glasses, I have found 
that white light reaching the retina around 
the edge of the glasses does not affect 
greatly the sensitivity of the eye to the 
roentgenoscopic image. I submitted this 
idea to others, who also conducted experi- 
ments to determine if there were any con- 
siderable loss in efficiency in using a proper 
filter covering only the area of one’s eye 
glasses. They reported that their findings 
were essentially the same as mine. There- 
fore, with the cooperation of the Picker 
X-ray Company, I had some clip-on frames 
with plastic filter made. I have used these 
lenses for several weeks and am pleased by 
the fact that I can drive my car to the office 
and be prepared for roentgenoscopic work 
in nearly as short a time as I could by 
wearing the old style mask type of goggles. 
Inasmuch as these clip-on filters are light, 
inconspicuous, and can be carried in the 
pocket, I believe that they are a great im- 
provement over the previous devices avail- 
able. For those who do not wear spectacles, 
plastic lenses can be mounted in ordinary 
spectacle frames. 

Frank E. Wheatley, M.D. 

129 West Elm St., 

Brockton, Massachusetts 

NEED FOR RADIOLOGICAL 
LITERATURE IN BELGIUM 

To the Editor: 

We beg to inform you that our associa- 
tion created some years ago a Librar)^ es- 
pecially devoted to the problems of cancer 
and W'hich is at the disposal of the four 


Schools of Medicine of Belgium. As we 
were much deprived of any American medi- 
cal or radiological literature during the war, 
we would be very glad if the members of 
your Society would send to the Library 
reprints or any published works dealing 
with the cancer problem. Please accept our 
best thanks in anticipation. 

Ligue nationale beige centre le cancer 

A. Vandenitte, Librarian 
rue des Deux Eglises, ai 
Bruxelles, Belgium 


NORTH CAROLINA RADIOLOGICAL 
SOCIETY 

The annual meeting of the North Caro- 
lina Radiological Society will be held at the 
Carolina Hotel, Pinehurst, North Carolina 
on Wednesday, May i, 1946. The following 
program will be presented : 

9:30 a.m. Business Session — Report of conir 
mittees and election of officers 

11:00 A.M. Film Reading Session— "Stump 
the Experts” 

Fred Jenner Hodges, M.D., Pro- 
fessor of Roentgenology, 
University of Michigan, Ann 
Arbor, Michigan 
Experts: Robert J. ■ Reeves, 

M.D., Professor of Radiol- 

Duke University, Durham, 

N.C. 

James P. Rousseau, M.D., Pro- 
fessor of Radiology, 
Bowman-Gray Medical School, 
Wbnston^alem, N.C. 

Case Presentations bv: 

Allan Tuggle, M.D., Charlotte, 
N.C. 

Graham Barefoot, M.D., Wil- 
mington, N.C. 

O. D. Baxter, M.D., Charlotte, 

N.C. 

G. W. Murphy, M.D., Ashe- 
ville, N.C. 

B. E. Rhudy, M.D., Greens- 
boro, N.C. 

12:00 Noon to 2:00 p.M. Lunch — Carolina 

Hotel 
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a:oo p.M. Continuation of Film Reading 
Session: 

Experts : The Same 
Case Presentations by: 

C. L. Gray, M.D., High Point, 

N.C. 

J. E. Hemphill, M.D., Charlotte, 

N.C. 

L. W. Oehlbeck, M.D., Morgan- 
ton, N.C. 

W. W. Vaughan, M.D., Durham, 
N.C. 

3:00-4:00 p.M. “It Pays to Catalogue 
X-RAY Experiences” 

Fred Jenner Hodges, Professor 
of Roentgenology, 
University of Michigan, Ann 
Arbor, Michigan 

4:30 p.M. Social Activities 

DAVID ANDERSON-BERRY PRIZE 

A David Anderson-Berry Silver-gilt 
Medal, together with a sum of money 
amounting to about £100, will be awarded 
in 1947 by the Royal Society of Edinburgh 
to the person, who, in the opinion of the 
Council, has recently produced the best 
work on the therapeutic effect of roentgen 
rays on human diseases. 

Applications for this prize are invited. 
They may be based on both published and 
unpublished work and should be accom- 
panied by copies of relevant papers. 


Applications must be in the hands of the 
General Secretary, Royal Society of Edin- 
burgh, 22 George Street, Edinburgh 2, by 
December r, 1946. 

NEW OFFICERS 

The following are the recently elected 
officers of the American Roentgen Ray So- 
ciety for the year 1945-1946: Fresident: 
Dr. Ross Golden, New York, N. Y.; Presi- 
dent-Elect: Dr. Raymond C. Beeler, In- 
dianapolis, Ind.; Fbst Vice-President: Dr. 
Francis F. Borzell, Philadelphia, Pa.; Sec- 
ond Vice-President: Dr, Ellis R. Bader, 
Cincinnati, Ohio; Secretary: Dr. H. Dabney 
Kerr (re-elected), Iowa City, Iowa; Treas- 
urer: Dr. J. Bennett Edwards (re-elected), 
Leonia, N, J. 

AMERICAN BOARD OF RADIOLOGY 

The American Board of Radiology will 
conduct examinations at the Palmer House, 
Chicago, Illinois, on November 27 to De- 
cember I, 1946. This will be the only ex- 
amination held during 1946. All those 
wishing to appear before the Board at this 
time must have their application on file by 
September i, 1946. 

B. R. Kirklin, Secretary 
American'^^Board of Radiology 
Mayo Clinic, Rochester, Minn. 
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ELEMENTS OF ROENTGEN TECHNIQUE 

THE UNIVERSAL DISTINCTOR OF HOLZKNECHT-INGBER IN THE 
EXAMINATION OF THE GASTROINTESTINAL TRACT*! 

By EDMUNDO INGBER, M.D, 

CORDOBA, ARGENTINA 


I N THE early days of roentgen diagnosis 
ol' the gastrointestinal tract, Holzknecht 
devised two instruments, namely, the 
spoon-shaped distinctor for localization and 
controlled compression in a space 5 by 8 
cm., and the button distinctor for the con- 
trolled compression and exact localization 
within an area of i to 2 cm. in diameter. 


Tl)ese are two wooden instruments care- 
fully worked out by Holzknecht and 
adapted to all the demands of roentgen pal- 
pation which are encountered in its prac- 
tical application every day; they have been 
substituted advantageously for the old 
metliod of palpation with the hand pro- 
tected by- the lead glove, which to be sure 




practical use. 


• Presented at the Discussions on Digestive 

t Transha^ from the Spanish hy Audrey G. Morgan, M.D.. Medford. Oregon. 
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Fig. 2. Apron for protection apinst secondary radiation. A, current model; B, Ingber’s model 
bketch of the roentgen field according to Ingber 
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Edmundo Ingber 





Fig. 5. Third phase. Controlled compression with 
Holzknecht's button near the base of the niche 
makes better filling of it possible and shows its 
"penetrating” character. 

exercises pressure, but is quite useless be- 
cause it covers the compressed zone and 
permits of observation only of the pe- 
ripher}' and not of the center of the re- 
gion under compression which is to be ex- 
amined. 

These nvo instruments are quite distinct 
from^a poor imitation which is on sale in 
this country and which uses the name of 
Holzknecht illegally. 

Many years of experience in the obscure 
field of gastrointestinal roentgen diagnosis 
has made us realize the inconvenience of 



Fig. 6. Fourth phase. Controlled compression with 
Holzknecht’s button in the act of focusing the 
niche with the greatest possible roentgen precision. 

interrupting the examination when it wa.s 
necessary to use first one and then the other 
of the above-named instruments and the 
one which was not being used for the mo- 
ment had to be laid down and the other felt 
for blindly. 

The universal distiuctor oj Holzknecht- 
Ingher, which we brought from Europe, 
unites in a single instrument both these 
needs of roentgen diagnosis."*" 

Both instruments are suspended by small 

•This dwee is being manufactured by I.uti and Fcrra.”-’’ 
of .Argentina. 


Fig. 7. A and B, imitation which is on sale in .Argentina and which in reality docs not serve the purpests 
which it claims. /, the universal distinctor of Holzkr.ccht-Ingber unites in a single instrument the 5p'.«r- 
and button for roentgen palpation. 2, %-cry light hollow sleeve of aluminum which, accordmi: 10 H"''" 
kr.tchv’s original idea, perfectly meets the anatomical functional demands of the hand which u prr.ctiong 
palpation, j, only the left hand needs the protective glove. 4, the right hand of the examiner, bteaufe c! 
the con'trjction ot the instrument, is protected by t’ne lead glass of the screen. 5, palpation is fvegun w:i*< 
the spoon inserted. 6, w’nen the button distinctor is required, roentgenoscopy is interrupted for a m.orr.eni. 
the spoon cctachcd and the button inserted. 7, between one examination and the next the instr.im.cnt 
hung around the neck of the examiner with the sleeve resting on his left forearm. 
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Fig. 5. Third phase. Controlled compression with 
Holzknecht’s button near the base of the niche 
makes better filling of it possible and shows its 
"penetrating” character. 
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permits of observation only of the pe- 
riphery and not of the center of the re- 
gion under compression which is to be ex- 
aniined. 

These two instruments are quite distinct 
from_a poor imitation which is on sale in 
this country and which uses the name of 
Holzknecht illegally. 

Many years of experience in the obscure 
field of gastrointestinal roentgen diagnosis 
has made us realize the inconvenience of 
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Fig. 6. Fourth phase. Controlled compression with 
HolzkneCht’s button in the act of focusing the 
niche with the greatest possible roentgen precision. 

interrupting the examination when it was 
necessary to use first one and then the other 
of the above-named instruments and the 
one which was not being used for the mo- 
ment had to be laid down and the other felt 
for blindly.' 

The universal distinctor of. Hohknecht- 
Ingber, which we brought from Europe, 
unites in a single instrument both these 
needs of roentgen diagnosis.* 

Both instruments are suspended by small 

* This device is being manufactured by Lutz and Ferrando 
of Argentina. 


Fig. 7. A and B, imitation which is on sale in Argentina and which in reality does not serve the purposes 
which it claims, i, the universal distinctor of Holzknecht-Ingber unites in a single instrument the spoon 
and button for roentgen palpation. 2, very light hollow sleeve of aluminum which, according to Holz- 
knecht’s original idea, perfectly meets the anatomical functional demands of the hand which is practicing 
palpation, y, only the left hand needs the protective glove. 4., the right hand of the examiner, because of 
the construction of the instrument, js protected by the lead glass of the screen. 5, palpation is begun with 
the spoon inserted. 6, when the button distinctor is required, roentgenoscopy is interrupted for a moment, 
the spoon detached and the button inserted. 7, between' one examination and the next the instrument is 
hung around the neck of the examiner with the sleeve resting on his left forearm. 








Fig. 8 . 8, controlled, local and circumscribed compression with the spoon, p, same with the button. lo, the 
patient himself aids in keeping the distinctor in the required position, if, roentgenography with controlled, 
local and circumscribed compression. 12, the cord is detached from the sleeve of the distinctor. IJ, the 
cord is reattached to the sleeve of the distinctor. 14, suspended by the cord around the neck of the examiner 
at the proper time, the distinctor hangs free over the apron of the examiner, leaving both hands free. 
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chains from a very light hollow sleeve of 
aluminum, modeled faithfully on Holz- 
knecht’s original idea, which is perfectly 
adapted to the technical functional require- 
ments of the hand which is practicing the 
roentgen palpation; either the one or the 
other can be inserted into the sleeve by 
means of a screw; the one which is not being 
used at the moment remains suspended 
from the sleeve. 

Between one examination and the next 
the roentgen palpator can be hung around 
the neck of the examiner, the sleeve resting 
on his left forearm. 

A glove for protection against the roent- 
gen rays is necessary only for the examiner’s 
left hand; the right hand, because of the 
characteristic construction of the instru- 
ment, is protected by the lead glass. 

The palpation is begun first with the 
spoon-shaped distinctor; when the use of 
the button distinctor becomes necessary, 
roentgenoscopy is interrupted for a mo- 
ment, the spoon unscrewed and the button 
inserted and then the examination, which 
has been interrupted only for the insignifi- 
cant time required for this maneuver, is 
quickly continued. 

Sometimes roentgenography of some di- 


agnostic sign becomes necessary which can 
be accomplished only by the use of one of 
the palpators, with controlled, local and cir- 
cumscribed compression at a given point of 
the organ under examination. In such a 
case the patient himself helps to keep tlie 
distinctor in the required position; he as- 
sumes control of the distinctor while roent- 
genoscopy is going on; then the red light is 
quickly lighted, the cord unhooked from 
the sleeve of the distinctor, the film intro- 
duced into the chassis above the distinctor 
and the patient freed from the compression, 
during w'hich time the distinctor may hang 
free from the neck of the examiner, per- 
mitting him to use both hands. 

In the survey of the subject which we 
have made this instrument seems to be very 
little used, but its use by us has proved in- 
valuable on numerous occasions which have 
presented themselves in the course of years 
in the practice of roentgenology; it is easy 
to realize its value on the basis of the diag- 
nostic discoveries made by it, many of 
which would otherwise have passed un- 
observed, with serious consequences in di- 
agnosis. 

9 de Julio 714, 

Cordoba, Argentina. 
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IMPROVED TECHNIQUE FOR BRONCHOGRAMS* 

By MAJOR WILLIAM A. ZAVOD 
Medical Corps, Army of the United States • . 


OINCE the'introduction of iodized oil by 
Forestier in 1922, lipiodol has been 
widely used as a contrast medium for roent- 
genographic visualization of the bronchial 
tree. Various techniques for bronchograms 
are in use today. They range from instilla- 
tion of the oil through a bronchoscope to 
mere dropping of the oil on the base of the 
tongue in the hope that it will seek out the 
pathologic condition and will be recorded 
on the roentgenogram. The object of a 
bronchogram is to demonstrate the pres- 
ence or absence of a pathologic condition 
anywhere in the lungs, and therefore a 
bronchogram should produce visualization 
of all the major branches and their incident 
pathology in all the lobes of both lungs. It 
is the purpose of this paper to describe a 
technique which permits such visualization. 

Objection might arise to the method on 
the ground that superimposition of the 
bronchial branches of the various lobes will 
result when the entire bronchial tree is out- 
lined simultaneously, and thus obscure the 
pathologic condition in the individual lobes. 
However, four roentgenographic exposures 
taken in various positions, to be described 
below, will give perfect visualization of the 
state of the bronchi in each lobe of both 
lungs. There is no danger of critical loss of 
the physiological function of the lungs when 
only 20 cc. of lipiodol is used. This was in- 
vestigated by the author spirometrically 
and will be the subject of another paper to 
be submitted for publication. 

The method has the following advan- 
tages: (i) The entire bronchial tree of both 
lungs is outlined in one sitting. (2) It per- 
mits the study of topographical relation- 
ships between the various lobes in each 
lung. (3) Better roentgenograms result since 
they are not marred by residual lipiodol 
from previous instillations. 

The technique described was employed 


in over 200 bronchograms. No failures were 
encountered; there were no complications 
or untoward effects. 

The procedure \vill be described in detail 
since it is upon these details that the suc- 
cess of every bronchogram' depends. 

The patient is first examined to ascertain 
that he is not ill with an acute infection or 
any other disease which contraindicates 
the procedure. The ordinary chest roent- 
genogram, which is a prerequisite to a 
bronchogram, is studied in attempt to eval- 
uate the presence of pathology. The patient 
is questioned about hypersensitivity to 
iodine' and cocaine. The procedure of 
bronchography is explained to the patient 
and he is to be impressed that his coopera- 
tion is essential. No food or drink is to be 
taken by mouth for at least three hours 
prior to the examination. Non-fixed arti- 
ficial dentures are to be removed, The teeth 
are brushed and the mouth and throat are 
rinsed with an alkaline antiseptic. A seda- 
tive of the barbiturate group, such as nem- 
butal or Seconal 0.05 to o.l gm., is given by 
mouth one-half hour prior to the procedure. 

The following materials are to be pre- 
pared on a sterile tray; a French urinary 
catheter size 16, made of red rubber (radio- 
paque); a wire stylet having a laryngeal 
curve at one end; a De Vilbiss spray bottle; 
10 cc. Luer lock syringe and laryngeal can- 
nula; laryngeal mirror, head mirror, alcohol 
lamp; 2 per cent nupercaine and 4 per cent 
cocaine; 20 cc. lipiodol and some 4 by 4 
inch gauze sponges. All boilable materials 
are to be sterilized, non-boilable objects are 
to be washed in 70 per cent alcohol. 

The patient is seated in a chair, prefera- 
bly with a head rest. The operator wearing 
gown and mask, seats himself in front of 
the patient at a slightly higher level so that 
he can look down into the patient’s larynx. 
The larynx is examined by indirect laryn- 


• From the Chest Section, Woodrow Wilson General Hospital, Staunton, Virginia. 
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Fig. I. Bronchogram taken in the dorsoventral position. 

Fig. 1 . Bronchogram taken in the right lateral position. 

Fig. 3. Bronchogram taken in the left anterior oblique position 
Fig. 4. Bronchogram taken in the right anterior oblique position 


^scopy and any abnormalities are noted, with 1 per cent nunermir.^ 

The nasopharj-nx. including the base of the method, about Sv^treTuh. ^ r * • 
tongue and the soft palate, is anesthetized sufficien’t to anesth“ti2 S 
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The larynx, trachea and bronchi are an- 
esthetized in the following manner: The co- 
caine is drawn up into the syringe and can- 
nula. With the aid of the laryngeal mirror, 
a few drops of cocaine are placed on the 
free border of the epiglottis, the interary- 
tenoid space and the true vocal cords, 
i^bout I cc. of cocaine is instilled into the 
trachea; this will cover the carina and the 
main bronchi on the right. The patient is 
now instructed to lean to the left, and while 
the cannula is between the cords, another 
I cc. is instilled into the left branches. A 
total of 3 cc. of 4 per cent cocaine is ample 
for the average patient. 

The stylet is introduced into the catheter 
which takes on the laryngeal curve of the 
former. Under indirect laryngoscopic vision 
the catheter and stylet are introduced be- 
tween the cords and the catheter is fed into 
the trachea halfway oft' the stylet. The 
stylet is now removed from the catheter 
and a piece of folded gauze is placed be- 
tween the patient’s teeth with instruction 
to bite on it. This will permit anchoring of 
the catheter in place without obstructing 
its lumen. 

The patient is now placed in the supine 
position on the level roentgenoscopic tilt- 
table, his head on a pillow. The head is 
turned to the left side and the chest is 
roentgenoscoped. The catheter is advanced 
to a position about 2 cm. above the carina. 
The syringe with lo cc. of lipiodol is at- 
tached to the catheter by means of the can- 
nula and the instillation of oil is begun 
under roentgenoscopic control. When the 
oil reaches the intubated end of the cathe- 
ter, the patient is turned in the oblique 
position towards the left (right anterior 
oblique) and the oil will ftow down into the 
left lower lobe. Next, the patient is turned 
still farther to the left until he is almost in 
the right lateral position; this will permit 
the oil to flow into the left upper lobe. It 
takes about lo cc. of oil to fill the bronchi 
of the left lung. The syringe is refilled with 
another lo cc. of oil, the patient’s head is 
turned to the right; the left shoulder is 
raised and the patient is turned slightly to 


the right (left anterior oblique). As the oil 
runs down, it will fill the right upper lobe 
first; next, the lower lobe is filled and some 
of the oil will enter the middle lobe. After 
all the lipiodol is instilled, the catheter is 
removed. The patient is now told to turn 
in the prone position and one can visualize 
roentgenoscopically some of the oil running 
from the posterior bronchi to fill the an- 
terior branches. Since the entire filling of 
the bronchi is done under roentgenoscopic 
control, any abnormalities are readily noted 
and serve as a check against the roentgeno- 
grams to be taken. 

Careful roentgenoscopy is as important 
as the bronchogram. The dynamics of the 
bronchi are readily observed roentgeno- 
scopically, also abnormalities like partial 
bronchial block or pooling of the oil can be 
easily seen, while they do not always show 
up on the bronchogram. 

One must be cautious not to expose the 
patient to the roentgen ray for too long a 
period. A frequent momentary flash of the 
ray on the screen will permit visualization 
of the gradual filling of the bronchi without 
overheating the roentgen tube or causing 
injury to the patient. 

With the patient in the erect posture, 
four roentgenographic exposures are made. 
A dorsoventral, a right anterior oblique, a 
left anterior oblique and a right or left lat- 
eral view, the latter depending upon the 
localization of the pathologic condition as 
it was observed under the roentgenoscope. 

Figures i , 2, 3 and 4 are reproductions of 
bronchogram s made with above technique. 
Note the complete filling of the main 
branches of all lobes of both lungs; the 
demonstration of the pathologic condition 
and especially the localization of the disease 
in the posterior portion of the right upper 
lobe. 

133 Archer Ave., 

Mt. Vernon, N. Y. 

The author wishes to thank Major Donald Gordon, 
Chief Roentgenologist at the Woodrow Wilson 
General Hospital for the cooperation of his depart- 
ment. 
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ROENTGEN DIAGNOSIS 

HEAD 

Pereira da Silva, C. and Penha Godov 
d’Alambert, J. Sindromo de hiperostose 
frontal interna. (Syndrome of internal frontal 
hj-perostosis.) Arq. assist, psicopai. estad. 
Sao Paulo, March-June, 1943, S, 101-141. 

Internal frontal hyperostosis was first ob- 
served by the anatomist Morgagni in the 
autopsy of a woman who showed obesity and 
virilism. He wrote two papers on it in 1719 and 
1761. The authors review the literature of the 
subject since that time, giving brief notes of 
the principal works on the subject. 

Their own work consists of a discussion of 
14 cases seen at the Juqueri Hospital in Sao 
Paulo, Brazil. Eight of the cases were purely 
clinical and in 6 anatomical as well as clinical 
examinations were made. Histories of all the 
cases are given and two tables showing the 
chief features of the cases in the two groups. 
The article is also profusely illustrated with 
photographs and roentgenograms of the pa- 
tients. The disease is characterized, as its name 
indicates, by hyperostosis of the internal table 
of the frontal bone which sometimes extends to 
the parietal also. Moore classifies it into four 
groups which, however, are really only different 
stages of the process. The disease is probably 
due to a disturbance- of calcium metabolism 
but it is hard to explain why the bone deposit 
is made only in the internal table of the frontal 
bone. Intracranial hypertension was found fre- 
quently. One patient had an eosinophilic 
hypophyseal adenoma, one a frontal men- 
ingioma involving most of the hyperostotic 
area and one had syphilis. 

■ The great majority of the patients are 
women. In women who present obesity, head- 
ache, menstrual disturbances and hypercal- 
cemia roentgen examination should be made for 
this disease. Four of these patients had epilepsy. 
As the material was from a hospital for mental 
diseases the significance of mental symptoms 
could not be judged. — Audrey G, Morgan. 


Holvey, Ervin H., and Rosenthal, Louis M. 
Tomography in the region of the maxillary 
sinuses. Radiology, May, 1944, 42, 458-465. 

The object of this article is to compare the 
normal tomographic findings in the maxillary 
antra with the findings in disease. A series of 
tomograms were made at 0.5 cm. levels through 
the head of an adult cadaver in the antero- 
posterior projection. These are presented, to- 
gether with tomograms taken in cases of in- 
fection of the sinuses and of carcinoma. Tomo- 
grams of infection show dense opacity of the 
antrum but the process does not involve the 
walls. This lack of involvement of the bony 
walls is most important in diagnosis. The antral 
cavities are symmetrical. The pathologic proc- 
ess generally extends to the adjacent ethmoid 
sinuses and there is practically always edema 
of the adjacent turbinates and the nasal mucosa 
In cancer of the antrum the bony walls of 
the cavity are invaded, a differentiating sign 
from inflammation. The soft tissue shadow of 
the growing tumor extends beyond the bony 
walls and invades neighboring structures, such 
as the nan’s, orbit and mouth. The ethmoid 
sinuses are frequently invaded. The thin lower 
wall of the orbit explains the frequent extension 
to the orbit of cancer of the antrum. 

Ordinary roentgenograms often fail to show 
the cancerous invasion of the bony walls of the 
antrum. Usually the patient does not come for 
medical advice until the cancer has destroyed 
the bony walls of the cavity and caused nasal 
obstruction, visual disturbance or pain by its 
expansion. If there are such symptoms and the 
ordinary roentgenograms suggest the possi- 
bility of cancer in this region a tomographic 
study should be made. — Audrey G. Morgan. 

Maguire, Daniel L., Jr., and . Kalayjian, 
Bernard S. Unusual stab wound. Radiology , 
July, 1944, . 65-67. 

The unusual feature of this case is that a part 
of a knife blade remained in the deep tissues of 
the face for four months without being dis- 
covered. 
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The patient was a colored man, twenty-seven 
years of age, who was stabbed in a quarrel in 
April, 194a. There was a small laceration about 
an inch long in the middle of the left zygoma. 
Probing did not show any foreign body and the 
lesion was cleansed and sutured; healing was by 
first intention and the patient was discharged 
five days later without pain, swelling, redness or 
fever. About four months later he returned to 
the hospital complaining of pain and stiffness in 
the jaw. It grew worse until he could open the 
jaw only about an inch and had to live on 
liquids entirely. No history of chills, fever, 
swelling, localized tenderness or drainage from 
the site of the injury. 

Multiple roentgenograms of the skull and 
jaw showed a knife blade about 2^ inches long 
and ^ inch wide in the soft tissues of the left 
side of the face, extending medially and slightly 
downward and forward from a point just below 
and medial to the left zygomatic arch. Roent- 
genograms of the skull with the knife blade in 
situ are given. 

The knife blade was removed. A small bent 
tip had broken off and remained in the wound. 
It was thought unwise to probe for it and it was 
not believed that it would cause any further 
trouble. The wound healed by first intention 
and in about a month the patient was able to 
open his jaw completely and eat all kinds of 
food. A year later he had had no further 
trouble.— G. Morgan. 

NECK AND CHEST 


be seen superimposed on the lower part of the 
trachea. Anteroposterior and lateral views of 
the case are given . — Audrey G. Mo)-gan. 

Lavner, Gerald, and Copleman, Benjamin. 
The antero-posterior lordotic projection in 
the roentgenographic examination of the 
lungs. Radiology, Aug., 1944, 43 j ^ 35 '~^ 4 ^* 

In some cases the usual roentgenographic 
examination of the chest does not show small 
lesions in the apices of the lungs. The authors 
describe the anteroposterior lordotic projection 
used in the demonstration of such lesions. The 
examination may be done rapidly with the use 
of only one 10X12 inch film. The patient faces 
the tube and with the knees slightly bent and 
the abdomen protruding in extreme lordosis 
leans backwards against the cassette liolder. 
The central ray is directed horizontally. The 
technical factors used are such that the exposure 
is twice that for the routine posteroanterior 
projection at 6 feet; or the same factors are 
used as in the ordinary examination and the 
distance decreased to 4 feet. 

This position causes the clavicles to be pro- 
jected upwards while the anterior portions of 
the ribs become practically horizontal. This 
projection has proved most useful in cases in 
which there is only a suspicion of a shadow be- 
hind the clavicles. 

Photographs of a patient in position for ex- 
amination and roentgenograms of illustrative 
cases are given . — Audrey G. Morgan. 


Hankins, Walter D. Traumatic hernia of the 
lateral pharyngeal walls. Radiology, May, 
I944j 499- 

A case apparently unique in medical history 
IS described. The patient was a trumpet player 
in the regimental band admitted to the Station 
Hospital at Fort Banks, Mass., for psychiatric 
examination. A bulge the size of an egg was 
seen in the right cervical region which appeared 
when the patient blew his trumpet. About six 
months before while playing his trumpet he 
jelt something “give way” on the right side of 
lus neck and ever since that time this bulge had 
appeared when he blew his trumpet. Roentgen 
examination showed that the lateral walls of 
the pharynx were herniated. The posterior wall 
was also weakened and bulged posteriorly upon 
the esophagus. The apices of the lungs rose 
ox e t le clavicles and in the lateral view can 


Zanca, Peter, and Herpel, Frederick K. 
A statistical analysis of 100,000 examinations 
of the chest by the photoroentgen method. 
Radiology, Aug., 1944, 43, 122-128. 

Tables are given showing the results of 
routine examination of the chest by the photo- 
roentgen method of 100,000 selectees reporting 
to the Armed Forces Induction Station at Fort 
Bragg, North _ Carolina. Heretofore routine 
chest examinations have been made xvith stereo- 
scopic 14X17 inch films but the authors find 
that the photoroentgen method with 4XIQ 
inch films is better. It is much cheaper and the 
films can be read and interpreted much more 
rapidly.^ Besides, the shaipness and definition 
ot the image is greater on the smaller films, 
uperior films are produced by the use of a 
L> sholm gnd m front of the intensifying screen. 

The rejection rate for pulmonary tuberculosis 
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in this series of cases was 4.91 per thousand. 
This included all types of tuberculosis from 
advanced to apparently arrested cases. This 
is a very low rate as compared with that in the 
country as a whole which for the period from 
November, 1940 to December, 1941 was ii.c6 
per thousand. This low rate is doubtless due in 
part to the splendid antituberculosis campaign 
that has been carried on in North Carolina for 
the past twenty-five years, in part to the fact 
that known cases of tuberculosis were screened 
out by the local boards and in part to the fact 
that most of these draftees were from rural 
regions . — Audrey Q. Morgan. 


Waring, James J., and Schmidt, Ernst A. 

Esophagocecal fistula diagnosed roentgen- 

ologically. Radiology., July, 1944, 43, S9~^^- 

As no similar case is known in the literature 
the authors report a case of stricture of the 
esophagus in a woman of forty-five caused by 
swallowing lye. She came to the Colorado 
General Hospital March 4, 1943, complaining 
of loss of weight and strength and inability to 
retain food. She said she did not always regurgi- 
tate her food, which was entirely liquid, and 
she was sure some of it passed into lier stomach. 
In about three-quarters of an hour she had 
several loose stools which resembled the food 
just swallowed. There were none of the usual 
eye and mouth signs of vitamin deficiency. She 
had pain in the right loin and walked with a 
distinct limp, which suggested iliopsoas spasm. 
Apparently successful dilatation of the esopha- 
gus had been done but she did not gain in 
weight and this fact, in conjunction with the 
flushing of the bowels and pain in the loin, 
suggested esophageal fistula. 

The first roentgen examination March ii, 
1943, showed a fistulous tract extending from 
the esophagus into the abdomen and a further 
examination in April showed that the fistula 
extended into the cecum. It was surrounded by 
a mass of gristly white tissue. There had been 
no marked symptoms to show when the perfora- 
tion occurred. A gastrostomy was performed 
on April 30 and nine days later death occurred 
from peritonitis and bronchopneumonia; death 
was entirely independent of the esophageal and 
cecal lesions. An appendectomy had been per- 
formed recently and it is not known whether it 
had anything to do with the perforation of the 
fistula into the cecum . — Audrey G. Morgan. 


Peterson, Vernon L. Fungus disease of the 
chest. Radiology, July, 1944, 43, 14-20. 

The author discusses a group of lung in- 
fections caused by Coccidioides, Actinomyces, 
Aspergillus, Monilia albicans, Torida and 
Blastomyces. In about one-fourth of these cases 
there was fungus infection elsewhere in the 
body and this is an aid in the differential diag- 
nosis of the lung lesions. Both the clinical and 
roentgen findings are similar to those of tuber- 
culosis so that differentiation is difficult. How- 
ever, though a diagnosis cannot be based on a 
single roentgen examination there are certain 
features which appear on repeated examina- 
tions which aid in diagnosis if the roentgenolo- 
gist is familiar with them. These findings are 
briefly discussed for the different groups of 
fungus infection and illustrated with roent- 
genograms. In lesions that look like tuber- 
culosis but in which no tubercle bacilli can be 
found, a very careful search for fungus in- 
fection should be made. If no fungi can be 
isolated a therapeutic test with iodides may be 
made; a positive response indicates fungus 
infection. 

All of the cases of coccidioidomycosis were 
from the southwestern United States, most of 
them from California. Several had a history of 
a fever resembling influenza that was doubtless 
“valley fever.” There was little clinical evidence 
of disease in any of them. 

Doubtless many cases of fungus infection 
will be seen as tlie men return from the Army 
camps. It is important that these lesions be 
recognized and differentiated from tuberculosis 
or other more serious diseases as the course of 
the fungus infections is usually benign and it 
will not be necessary for the patients to give 
up their work . — Audrey G. Morgan. 

Johnston, Wayne A., and Heydemann, 
Julius. Clinical and radiological studies in 
pulmonary mycosis. Radiology, July, I 944 j 
43 . I-I3- 

Only a small number of yeast fungi are 
pathological to animals and man. Their clas- 
sification is extremely difficult and the authors 
think it better to consider diseases caused by 
them from the point of view of their virulence 
rather than from that of the species of fungus 
causing them. Susceptibility seems to be in- 
fluenced by whether the region is infected or 
non-infected rather than by any personal 
characteristics of the patient, such as age, sex 
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or occupation, though blastomycosis seems to 
occur more h'equently in men who handle 
cattle. 

The symptoms do not differ strikingly from 
those of other lung infections. The clinician 
will note that there is some type of lung disease, 
the roentgenologist can learn its extent and 
distribution but the final diagnosis must be 
made by demonstration of the fungi in sputum 
cultures. At present it is often not recognized 
until a late or terminal condition has developed. 
The authors urge research to find a means of 
differential diagnosis of these infections early 
in their course. 

Roentgen differentiation of fungus infection 
from tuberculosis is not reliable. The two 
diseases may coexist and the mere finding of 
yeast fungi does not prove that the patient 
does not have tuberculosis. This should be 
borne in mind in treatment. 

The best treatment for mycosis of the lungs 
is iodides and roentgen irradiation. In moniliasis 
and blastomycosis it may be necessary to 
desensitize the patient to the yeasts before he is 
given iodides. This is done by giving Lucas 
vaccine, 0.1 cc. twice a day, increasing to 0.8 
cc. for a total of eighteen injections. 

Eight cases are reported in detail and il- 
lustrated with roentgenograms and photo- 
micrographs of lung tissue. — Audrey G. Morgan. 


tuberculosis, lobar pneumonia, bronchopneu- 
monia, abscess, bronchiectasis, metastatic car- 
cinoma or pulmonary edema. It may be neces- 
sary to base the diagnosis on the history, 
clinical and laboratory findings and serial chest 
roentgenograms. 

Resolution progresses from the periphery 
toward the center, unlike that of pneumococcic 
pneumonia. The average duration of symptoms 
on admission in these cases was seven days. 
There were visible roentgen changes at this 
time. It has been stated that the first roentgen 
changes appear on the fourth day. In this series 
the average time for the beginning of resolution 
was on the seventeenth day and that for return 
to normal the twenty-fifth day. Roentgen signs 
may persist long after clinical cure, suggesting 
the possibility of chronic complications, partic- 
ularly bronchiectasis. It is therefore advisable 
to take a roentgenogram on the day of dis- 
charge and another some time later if there is 
any indication for it . — Audrey G. Morgayu 

Ehrlich, David E. Aortic arch and cardiac 

mensuration. Radiology, April, 1944, 42, 38a- 

383- 

The author describes a simple method of 
measuring the heart and aortic arch which he 
has found satisfactory in over twenty years’ 


Leveke, George, and Sterman, Ida A. Roent- 
gen study of primary atypical virus pneu- 
monia. Radiology, May, 1944, 42, 446-457. 

Small epidemics of virus pneumonia have 
been prevalent in this country since 1935. It is 
probably caused by a filtrable virus. The disease 
has not been transmitted to animals. 

The authors made a roentgen study of 100 
consecutive cases in the Department of Radiol- 
ogy of the Massachusetts General Hospital, 
oentgenograms of the various stages of the 
isease are presented. The first lesion visible 
roentgenologically is a severe tracheobronchitis. 

e process is destructive and quite different 
rom the inflammatory exudates seen in 
pneumococcic pneumonia. In the comparatively 
cw autopsied cases the lungs were red and 
edematous There were small areas of focal or 
u ar atelectasis and areas of emphysema. The 

total lobar atelectasis so 
tat consolidation was generally not uniform, 
unng the course of the disease the roentgen 
earance maj" vary greatly and may simulate 


CAJ./CI iciicc;. 


A routine posteroanterior roentgenogram is 
taken at 6 feet distance with the patient stand- 
ing facing the film and in full inspiration. After 
dark-room processing a midline is drawn by 
dropping a plumb line through the posterior 
spinous process of the mid-cervical vertebrae. 
Next a horizontal line is drawn at the level of 
the cardiophrenic angle. The transverse diam- 
eter of the chest is measured along this from the 
inner rib borders on each side. The distance 
from the midline to the right and left borders of 
the heart is then measured. The sum of these 
two distances gives the transverse diameter of 
the heart. The ratio of this to the transverse 
diameter of the chest is figured out The 
measurement of the aortic arch is obtained by 
measuring the greatest distance from the mid- 
hne to the left, which roughly approximates a 
K* ^ transverse diameter of the 

chest. This eliminates the need of hunting for 

^rch which is 
sternum.-^«^,-,y G. 



364 


Abstracts of Roentgen and Radium Literature 


March, 1946 


Deweese, E. R., and Howard, John C., Jr. 
Congenital absence of a lung diagnosed 
before death. Radiology, April, 1944, 42, 389- 
391- 

Congenital absence of the lung is considered 
rare. Only 38 authenticated cases have been 
reported since the first one in 1787. Only 3 of 
these cases were diagnosed before death. One 
lung functioning normally is sufficient for life 
as shown by the fact that 11 of these patients 
were over 20 years of age and one was 65. The 
increased use of routine chest plates in the 
armed services will without doubt reveal many 
more of these cases. 

One is described in a boy 6 montlis of age. 
This is the second case seen in the Children’s 
Mercy Hospital, Kansas City, Mo. in the past 
6 years. Both were diagnosed during life. This 
patient was admitted with a diagnosis of acute 
bronchitis, pharyngitis and atelectasis of the 
right upper lobe. Roentgen examination showed 
a dense homogeneous opacity over the entire 
right lung field with great displacement of the 
mediastinal structures to the right. The heart 
lay entirely to the right side of the vertebral 
column. There was over-aeration of the left 
lung which extended across the right side of the 
chest. On bronchoscopic examination no open- 
ing of the right main stem bronchus could be 
found. Obviously no air was entering the right 
lung. A diagnosis of agenesia of the right lung 
was made. The child died three days later and 
autopsy confirmed the diagnosis. It should be 
possible to make a diagnosis of this condition 
during life by the use of roentgen examination, 
lipiodol injection and bronchoscopy . — Audrey 
G. Morgan. 

Stein, George H., and Kresky, Philip J. 
Comparative roentgen study of primary 
atypical and bacterial pneumonia. Radiology, 
May, 1944, 42, 435-445- 

Various writers on the subject have at- 
tempted to describe roentgen pictures of 
atypical and bacterial pneumonias which would 
serve to differentiate the two types of disease. 
The authors made a study of 2,062 cases of 
pneumonia seen at the Regional Station 
Hospital in Sioux Falls; 950 were bacterial 
pneumonias and 1,112 were primary atypical 
pneumonias. For purposes of comparison they 
have selected 19 cases of the two types and 
give clinical histories and roentgenograms. 


From a careful study of these it is evident that 
it is impossible to make a diagnosis of the etiol- 
ogy of a given case of pneumonia from the 
roentgenogram alone. Cases of primary atypical 
pneumonia may show a roentgen appearance 
that cannot be distinguished from that of 
pneumococcic pneumonia, especially in the 
early and resolving stages of the latter. Con- 
trary to most of the descriptions in the litera- 
ture, they saw many cases of atypical pneu- 
monia which did not originate in the hilar 
regions and extend outward but occurred as 
circumscribed foci in the periphery of the lung. 
They also saw primary atypical pneumonias 
which occurred in the upper lobes with roentgen 
findings resembling those of tuberculosis. 

Any accurate differentiation between the 
two types of pneumonia must take into con- 
sideration the clinical and laboratory findings 
as well as the roentgen appearance . — Audrey G. 
Morgan. 

Lewis, Elbert K., and Lusk, Frank B. 

Roentgen diagnosis of primary at>T)ical 

pneumonia. Radiology, May, 1944, 42, 425- 

434- 

Atypical pneumonia is a virus disease, which 
may be of known etiology, as influenza A or B 
or psittacosis, or of unknown cause. The author 
discusses 6,000 cases of acute epidemic in- 
fection of the respiratory tract seen at the 
Station Hospital, Fort Custer, Mich. Of 5°° 
such patients studied in detail about 25 per 
cent showed roentgen evidence of atypical 
pneumonia. 

Atypical pneumonia shows four phases. The 
first or bronchitic phase is characterized by 
increased size and density of one or both hilar 
shadows and prominence of the truncal shadows 
extending from the hila into the lower lobes. 
This phase must be differentiated from acute 
and chronic bronchitis and passive congestion 
and enlargement of the hilar nodes from any 
cause. The second or peribronchitic phase 
shows increased prominence of the truncal 
markings extending downward into the lower 
lobes and outward into the lung parenchyma. 
This is the phase most likelj" to be confused 
with bronchiectasis. In the third or alveolar 
phase the lesion varies in size, location, shape 
and density. Usually it extends from the hilum 
outward and downward into the lower lobes. 
The roentgen shadow varies from the size of a 
millet seed to involvement of the greater part 
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of a lobe. Because of the great variability in the 
shadow this phase must be differentiated from 
many other lung conditions, such as the 
bacterial pneumonias, especially the lobar type, 
tuberculosis, atelectasis, pulmonary abscess, 
encapsulated fluid, tumors and rickettsial and 
fungus infections. The fourth or broncho- 
alveolar phase shows irregular, soft, patchy 
mottled areas of increased density in the lung 
parenchyma. It must be differentiated from 
bacterial bronchopneumonia, the rickettsial and 
fungus infections, tularemia and measles pneu- 
nonias and occasionally infected bronchiectasis. 

Roentgenograms of these different phases 
and photomicrographs of the histopathological 
findings are given. The roentgen appearance 
alone, however, is not enough for differentia- 
tion but the clinical and laboratory findings 
must be taken into consideration . — Audrey G. 
Morgan. 


adenoma bronchiectasis is frequent, due to the 
slow course of the disease, while in carcinoma 
it is rare as the disease is rapidly progressive. 
Hemoptysis is often profuse in adenoma, be- 
ginning and ending abruptly, while in carci- 
noma it is usually only streaking and often 
continuous. 

If the clinician has bronchial adenoma in 
mind a diagnosis can generally be made by 
roentgen examination and bronchoscopy. A 
patient with a chronic productive cough, recur- 
rent hemoptysis and fibrocavernous destruc- 
tion of one upper lobe, whose sputum is nega- 
tive for tubercle bacilli should be examined 
for bronchial adenoma by all possible means 
including body section roentgenography, which 
often permits of direct visualization of the 
tumor as a rounded, sharply defined dense 
shadow in contrast with the air in the bronchus 
which surrounds it. 

Local bronchoscopic removal may be used in 


Lowry, Thomas, and Rigler, Leo G. Ade- 
noma of the bronchus: a clinical and roent- 
genologic study with a report of seven cases. 
Radiology, Sept., 1944, 43, 213-229. 

Malignant tumors of the bronchi are very 
frequent; benign bronchial tumors are much 
less common but not rare. About 80 per cent of 
the group of benign growths are adenomata. It 
is important to differentiate these from carci- 
noma as they require less radical treatment. 
While adenoma is classified as a benign tumor 
it is locally malignant in the sense that it in- 
vades beyond the wall of the bronchus and 
there is often an extrabronchial mass. This is 
due to the fact that this form of tumor probably 
originates from the duct epithelium of the 
bronchial mucous glands and the mucous ducts 
penetrate the cartilaginous rings. But it does 
not produce malignant metastases and in this 
sense may be said to be clinically benign. 

Differentiating signs between adenoma and 
carcinoma are that 80 per cent of adenomata 
occur in patients less than forty years of age 
w 1 e 90 per cent of carcinomata occur in sub- 
jects over forty; 70 per cent of adenomata are 
m emales while 85 per cent of carcinomata are 
m ma es; on bronchoscopy the adenoma is a 
smoot , pmk, oval or lobulated mass, often 
pedunculated; the bronchus is not fixed, 
ou esome bleeding is produced on biopsy. 

irfegular, yellowish or gray, often 
r\ bronchus is infiltrated and fixed, 

lopsj there is not profuse hemorrhage. In 


the treatment of. these tumors in young pa- 
tients whose lung shows little damage and wlio 
can be closely followed up. Irradiation has not 
proved of great value and there is a risk of 
death from hemorrhage due to deep necrosis of 
the bronchial wall eroding large vessels. Resec- 
tion of the lung is indicated in a large majority 
of the cases but the advantages to be gained 
must be weighed carefully as compared with the 
very considerable danger of the operation. 
Seven cases are reported and illustrated with 
roentgenograms . — Audrey G. Morgan. 

Kraft, Ernest. Lung abscess secondary to 
stenosing bronchiogenic carcinoma. Radiol- 
ogy, July; 1944 , 43, 39-47- 
Pulmonary carcinoma now causes 10 per 
cent of all carcinoma deaths. In addition to an 
actual increase there is an apparent increase 
due to more thorough roentgen examination 
and greater familiarity with the picture. It is 
believed that as many as 90 per cent of cases 
could be recognized with proper examination 
and two-thirds of cases from roentgenograms 
alone. There are two reasons why many cases 
are still unrecognized: (i) when the lung tumor 
remains asyrnptomatic distant metastases may 
be mistaken for the primary tumor; (0.) stenos- 
mg bronchiogenic carcinoma, which is the most 
common form is usually masked by infections 
of the surrounding lung and pleura. 

cnrp?Y bronchiogenic carcnioma can be 
cured if diagnosed early. Histologically it is a 
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squamous-cell growth and is much less malig- 
nant than the adenocarcinomas and small-cell 
sarcomas which develop outside the bronchi. 
Death is usually caused not by the tumor but 
by secondary changes in the lung. When the 
obstruction of the bronchus remains complete 
secretion accumulates on the distal side of it 
and causes bronchiectasis; secondary infection 
(hen causes chronic pneumonia, lung abscesses 
or pleurisy. The tumor may become so necrotic 
as a result of these secondary changes that it 
practically disappears and can only be recog- 
nized on careful microscopic study. It is very 
important for roentgenologists to know of these 
abscesses secondary to stenosing bronchiogenic 
carcinoma for if diagnosis is made promptly 
radical surgery may save the patient’s life. 

Three typical cases of lung abscess secondary 
to stenosing bronchiogenic carcinoma are 
described and illustrated with roentgenograms. 
— Audrey G. Morgan. 

Rowland, Driver. Cardiac aneurysm; Report 

of a case with correlation of clinical, radio- 
logical and electrocardiographic findings. 

Ann. Int. Med., August, 1943, ig, 349-356. 

A case is reported and a review of the litera- 
ture is given. About 85 per cent of ventricular 
aneurysms are said to follow cardiac infarction 
subsequent to the occlusion of a coron.ary 
artery. The balance is made up of miscellaneous 
causes such as syphilis of the myocardium or is 
of mycotic, traumatic, congenital and traumatic 
origin. Subsequent to the occlusion of a coro- 
nary vessel there appears necrosis of the 
myocardium supplied by this vessel with re- 
placement fibrosis. This weakened area then 
stretches with the production of a large or 
small aneurysmal dilatation, depending on the 
size of the area involved. This may be saccular 
in outline communicating with the ventricular 
cavity by a neck or more often a bulge or out- 
pouching, not sharply delineated, of the ven- 
tricle. An aneurysm may be located in any part 
of the left ventricle. Aneurysms of the right 
ventricle are rare but the most common site 
is the anterior wall involving the apex of the 
left border just above the apex. 

Clinically there is nearly always a past 
history of coronary occlusion. An enlarged 
heart is characteristic but this alone is without 
significance .unless it occurs in a patient who 
was previously known to have no cardiac con- 
dition that would explain this enlargement. 


Pulsatory phenomena have been of great 
diagnostic significance. Roentgenography, more 
especially roentgenoscopy, offers the best 
means of accurately diagnosing cardiac aneu- 
rysm. The following roentgenographic signs are 
said to be of diagnostic significance; (1) enlarge- 
ment of the left ventricle with deformity of its 
contour; (o.) a localized protuberance insepar- 
able from the heart shadow on rotation of the 
patient; (3) abnormal or absent pulsations of 
the aneursymal zone; (4) evidence of adhesions 
between the heart and the chest wall; {5) calcifi- 
cation of the wall of the sac or contained clot. 
There are three significant changes to be noted 
upon roentgenoscopy: (i) a diminished or total 
lack of pulsation in the region of this bulge; (a) 
a para(ioxical pulsation in the region of the 
supposed aneurysm, i.e. a systolic expansion of 
this area; (3) calcification of the pericardium or 
wall of the aneurysm. 

In view of the rarity of occurrence of right 
axis deviation in cases with hypertensive or 
arteriosclerotic heart disease and of its fre- 
quency (40 per cent of cases) in cardiac an- 
eurysm, it is believed that this type of electro- 
cardiogram is very suggestive of a cardiac 
aneurysm and when it occurs unexpectedly in a 
case of otherwise unexplainable left ventricular' 
enlargement the possibility of this diagnosis 
should be brought to mind. — J. J. McCort. 


Mjller, Henry. Spontaneous mediastinal 

emphysema. Ann. Jnl. Med., Dec., I 944 > 

998-1010. 

A short resume of the causes of mediastinal 
emphysema from the literature is given. Certain 
characteristic physical findings indicative of 
pneumomediastinum are said to have been 
described by Muller in 1888. There are: (i) the 
presence over the precordium of bubbling 
crepitation synchronous with the heart beats, 
(2) the disappearance of cardiac dullness, (3) 
the appearance of subcutaneous emphysema. 
The diagnosis in most cases is not difficult when 
the distinctive sounds heard over the heart and 
the roentgenographic evidence of air in the 
mediastinum are present. In this paper 4 addi- 
tional cases of spontaneous mediastinal em- 
physema are added to the literature of those 
previously reported. In each case the diagnosis 
was made by the detection of the typical ^ 
over the heart. The diagnosis was confirmed by 
roentgenographic study. It is pointed out that 
the heart sounds show great variation in m- 
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tensity and quality during the course of the 
condition. They may be detected after the ap- . 
pearance of spontaneous pneumothorax and 
may last for several weeks. 

The experimental studies made by h'lacklin 
{Arch. Int. Med., 1939, 64, on the 

pathologic physiology are quoted in detail. By 
artificially increasing the intrapulmonary pres- 
sure in the lobe of the lung of cats and other 
animals he was able to demonstrate that the air 
enters the perivascular sheath of the finer 
branches of the pulmonary vessel, presumably 
through the numerous minute ruptures in the 
walls of the alveoli. As the increased pulmonary 
pressure continues, the small bubbles of air 
coalesce into large ones as they move towards 
the roots of the lungs through the artificially 
produced channels in the vascular sheaths. At 
the root of the lung the air bubbles may merge 
into large blebs which can impede the pul- 
monary circulation. Further leakage causes 
these blebs to break through into the medias- 
tinum. At times the air in the perivascular 
sheaths may extend into the adjoining con- 
nective tissue and dissect a pathway towards 
the pleura where it forms a subpleural bleb, 
particularly in the region of the root of the lung. 
Rupture of this bleb may occasionally produce 
a pneumothorax. 

The paths of extension of air in the medias- 
tinum have also been studied. The air tends 
to follow with predilection the fascial planes, 
particularly the sheaths surrounding blood 


graphic evidence of air in the mediastinum may 
be decisive. Air may also be detected in the 
subcutaneous tissues of the neck and in the 
retroperitoneuni. 

An additional case is reported in which 
pneumomediastinum followed postoperative 
massive atelectasis of the right lung. In this 
case it was believed to be due to over-distention 
of the left lung. The alveolar ectasia in the left 
lung permitted the air to escape into the peri- 
vascular sheaths and lead to mediastinal and 
subcutaneous emphysema. — J. J. McCort. 

Robbins, Laurence L. The roentgenologic 
features of mediastinal- tumors. Radiology, 
Aug., 1944, 43, 115-12.1. 

From 1938 through 1942, forty-four cases 
of proved mediastinal tumor were seen at the 
Massachusetts General Hospital. They are 
discussed with a view to determining whether 
they can be classified by roentgen examination 
before operation. No absolutely diagnostic 
signs of the different types were found but 
certain roentgen signs aid in differentiation. 

Among the chief types the bronchiogenic 
cysts show a smooth round or ovoid shadow 
anywhere in the mediastinum, with no evidence 
of bone erosion or calcification. They may be 
attached to the trachea but other pathologic 
masses may also. Unless the cyst becomes in- 
fected it is usually found incidentally. 

All of the dermoid cysts were in the anterior 
mediastinum. The outline was more irregular 


vessels. It may spread upward into the root of than that of the bronchiogenic cysts. Three of 
’ T face, axilla, anterior chest wall, the 7 cases showed calcification in the wall, one 

with actual bone formation. The three tera- 
tomata were also in the anterior mediastinum. 


the sides of the trachea to the floor of the mouth 
extending under the base of the tongue which 
ecomes elevated. It may extend forward be- 
tween the parietal pleura and pericardium to 
appear as blebs overlying the heart, laterally 
into the opposite lung and downward into the 


Two showed slight lobulation, the third was 
smooth; all were homogeneous in density. 
The neurogenic tumors included lo 
fibromata, 2 ganglioneuromata and 2 


neuro- 

neuro- 


wppusue lung ana aownward into the blastomafa 
retroperitoneal space where it mav outline the ^ it' posterior medias- 

. wiicrc It may outline tne tinum in o cases and m i-Kp 


kidneys, ureters and renal vessels. 

Roentgenographic demonstration of air in the 
mediastinum is diagnostic. In the antero- 
posterior view only the outlined pockets of air 
may be seen so that lateral and oblique 


tinum in 9 cases and in the anterior in 5 cases. 
They were all smooth in outline and homoge- 
neous in density. They showed bone erosion 
from pressure but no malignant invasion of 
bone. One unclassified malignant tumor showed 


A I _ ^ T t 


posterior mediastinum. In 
extend forward 

torv si.Tn«^ ‘^'^^^acteristic ausculta- 

> signs may be absent and the roentgeno- 


the pleural, 

tralh'ef Ther'^' attached to the 

n the rTil t T P^-^^thyroid tumor 

the right upper mediastinum; it was a 

smooth mass with no special roentgen charac- 
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teristics but diagnosis was aided by the fact 
that the patient showed hyperparathyroidism, 
both clinically and roentgenologically. One 
benign thymoma in the anterior mediastinum 
cast a shadow overlying the pulmonary artery 
for which it was mistaken . — Audrey G. Morgan. 

Alexander, Theodore O. Irradiation pneu- 
monitis. Bull. Johns Hopkhis Hosp., Oct., 
1944, 75, 199-208. 

This report concerns a fifty-two year old 
white male who was admitted to Johns Hop- 
kins Hospital January I4, 1939 and who died 
September 28 of the same year. A diagnosis of 
Hodgkin’s disease was made by biopsy of an 
axillary gland and roentgen examination of the 
chest showed widening of the mediastinum due 
to enlargement of lymph glands, and pulmonary 
infiltration more marked on the left side. Be- 
tween January 21 and the date of death he 
received extensive roentgen therapy to various 
sites of involvement. His chief symptoms 
throughout were indicative of pulmonary in- 
volvement and though a good response was 
obtained to therapy over the mediastinum in 
the first five months of his illness, treatment 
was ineffectual thereafter and he died because 
of inability to sufficiently ventilate his lungs. 

Between January 21 and March i he re- 
ceived 1,050 roentgens to anterior and posterior 
mediastinal fields, the lung fields being shielded. 
Between April 26 and May 4 he received an 
additional 420 r to these fields under similar 
conditions. From July 6 to September 28 he 
was treated over the mediastinum and lung 
fields, without shielding, 400 r to the lower 
right thorax, 2,261 r to the posterior medias- 
tinum and 1,818 r to the anterior mediastinum 
— the total dosage of radiation without shield- 
ing of the lungs was, thus, 4,479 r given in 
approximately eleven weeks. 

At autopsy there was no evidence of Hodg- 
kin’s disease in the lungs, though there were 
large, deep-staining Dorothy Reed cells in 
minute foci in the bronchial lymph nodes. The 
lungs showed characteristic lesions due to over- 
irradiation such as have been described follow- 
ing animal experiments by Davis, McIntosh 
and Spitz, and Warren and Spencer. Grossly 
there were consolidated areas in both lungs and 
within the consolidation grayish-yellow areas 
of infiltration. Microscopic sections of both 
lungs “showed large groups of involved alveoli 
between which the tissue appeared unaffected 


by the irradiation, showing little but em- 
physema. Within these involved areas a few 
alveoli contained edema, a few leucocytes and 
red blood cells. Many alveoli contained a pink- 
staining fibrinous material which in places was 
condensed at the periphery to form a fibrinous, 
hyaline membrane. Various stages of organiza- 
tion of this exudate were evident, being so 
massive in areas as to obliterate the alveoli. 
The epithelium lining some of the alveoli was 
swollen and had in places desquamated into the 
adjacent air-containing spaces. A few, fat 
laden macrophages were dispersed throughout. 
Appropriate stains revealed no bacteria. . . . 
No evidence of Hodgkin’s tissue in the lungs 
was found on examination of several sections.’’ 
— Angus K. Wilson. 

ajjdomen 

Abel, Martin S. A barium-gelatine mixture 

for x-ray examination of the digestive tract. 

Radiology, Aug., 1944, 43 > 175“^ So. 

With the usual barium-water mixture the 
barium tends to settle out of the suspension 
quickly, and when a concentrated suspension 
is used the organ is rendered completely opaque. 
And the barium-water mixtures do not adhere 
to the wall of the gut so that in a moment no 
trace of them is left. The authors have devised 
a barium-gelatine mixture which overcomes all 
these difficulties. Two level tablespoonfuls of 
commercial gelatine are added to about 15 
glasses of hot water and stirred into solution; 
one teaspoonful each of 95 per cent ethyl 
alcohol and a saturated solution of bicarbonate 
of soda are added to this. This makes a viscous 
sticky medium which adheres to the wall of the 
intestine. It is only semi-opaque. The mucosal 
folds of the whole length of the esophagus are 
clearly shown when it is given. As the mixture 
is rather thin it is important to have the patient 
correctly angled, or the shadow of the esopha- 
gus will be superimposed on that of the heart 
or spine and will be hard to distinguish. For 
the stomach this mixture has no special ad- 
vantage over acacia-barium mixtures but for 
the barium enema it has decided advantages. 
The walls of the colon are distended but not 
obscured by the semi-opaque medium. After 
evacuation the mixture is held tenaciously m 
the folds so that they are clearly seen. 

This mixture has been used by oral admin- 
istration in too cases at the Station Hospital at 
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age, complaining of anorexia, bloating, dis- 
tention, abdominal distress, nausea, vomiting 
and loss of weight. He had been perfectly well 
until eleven months previous to admission 
when he began to notice a continuing loss of 
appetite. Occasionally nausea appeared in the 
mid-afternoon and usually led to emesis unless 
Maxfield, J. R., Jr., and McIlw AIN, Albert by food. In the six months prior to 

J. Diagnostic value of pneumoperitoneum, j-he patient had lost 25 pounds in 


the Mississippi Ordnance Plant at Jackson, 
Miss., and as a barium enema in 12 cases; on 
the basis of this experience it is recommended 
for use in the routine examination of all parts 
of the digestive tract . — Audrey G. Morgan. 


Radiology, April, 1944, 346-355 

Stewart and Stein first popularized pneumo- 
peritoneum as a method of diagnosis in this 
country in 1919 but it has never been given the 
attention it deserves. It is valuable not only 
in diagnosis but also in the treatment of certain 
diseases. Pneumoperitoneum occurs sponta- 
neously in 75 to 80 per cent of cases of ruptured 
peptic ulcer. Induced pneumoperitoneum is to 
be used in conjunction with and not in com- 
petition with other methods of diagnosis. The 
authors believe the contraindications to its use 
have been overemphasized. They believe there 
are only two real contraindications — definite in- 
sufficiency of the heart and acute infection. 
The technique and the apparatus used are 
described in detail and roentgenograms given 
in cases in which it has proved of value. Carbon 
dioxide is to be preferred to oxygen or air in 
most cases as it is readily absorbed and causes 
discomfort for only a few minutes. The roent- 
genograms should be taken as soon as possible 
after the gas is injected. 

Induced pneumoperitoneum may confirm or 
refute clinical findings. It enables the roent- 
genologist to study the size, shape and position 
of the abdominal and pelvic viscera, to deter- 
mine the presence, location, extent or absence 
of abdominal adhesions, to establish the loca- 
tion of masses in the abdomen or retroperitoneal 
space, to obtain information regarding the 
presence and extent of peritoneal implants, to 
determine whether a lesion is above or below 
the diaphragm and to identify an intrauterine 


weight. Additional history was essentially 
irrelevant except for the statement that at the 
age of seventeen, following coitus with an in- 
fected person, the patient had developed a 
pimple on the dorsal shaft of the penis over 
which a crust had formed with healing in four 
weeks. Physical examination was essentially 
negative. The blood Wassermann and Kahn 
reactions were both strongly positive on two 
occasions. The spinal fluid Wassermann test 
was negative. The cell count was 6, Pandy 
negative, the pressure normal, the coloidal 
gold curve normal. 

A gastrointestinal examination was done and 
the impression of the radiologist was that there 
was a frank ulcerative lesion in the pyloric 
antrum and probably also the second portion 
of the duodenum, nature not determined. On 
gastroscopic examination the gastroscopist had 
the following impression: (i) carcinoma. Type 
HI, of the antrum, limited by a wall at the lesser 
curvature but diffusely infiltrating the posterior 
wall; (2) extensive atrophic gastritis; (3) 
Type ni carcinoma usually does not give a good 
prognosis but in this case the upper margin is 
so far distant from the cardia that the attempt 
of a resection must be made. 

A partial gastrectomy was performed. Histo- 
pathologic examination of the lesion revealed 
that the outstanding characteristic was ac- 
cumulation of inflammatory cells, both diffuse 
and perivascular, scattered small follicle-like 
groups of round cells, and gummatoid or 


JT till lllLl ctULCl illC ♦. U 1 1 

or abdominal pregnancy. In radiation therapy granulomata, and a large but quite 

It makes it possible to remove the intestines '^Ler. 

from the field of irradiation . — Audrey G. Mor~ . authors state that from the point of 

of gross and microscopic pathology there 
are no absolutely pathognomonic lesions of 
Palmer, Walter L., Schindler, Rudolf, o*' '"deed of syphilis anywhere 

Templeton, Frederic E., and Humphreys, I ‘^^^os the diagnosis must 

Eleanor M. Syphilis of the stomach; case f ^umptive evidence. The charac- 

The p.ie„ .. . ,eaes of 1 1 to 
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an example of ulcerative gummatous syphilis, 
using the term gummatous in its broadest sense 
as applicable to all s)^)hilitic lesions which 
terminate in scarification. — J. J. McCort. 

Feldman, Maurice. Responsibility of the 
roentgenologist in the wartime duodenal 
ulcer problem. Radiology, April, 1944, 42, 

356-35S. 

The selective service regulations place the 
responsibility for the diagnosis of duodenal 
ulcer on the roentgenologist. If these ulcers are 
not diagnosed the patient may be found to 
have a duodenal ulcer after induction into the 
service, sometimes with serious complications 
such as perforation or hemorrhage. Since the 
roentgen demonsti-ation of a marginal de- 
formity or ulcer crater or niche defect is pathog- 
nomonic of duodenal ulcer, it is often thought 
that roentgen diagnosis of this condition is 
easy. But it must be remembered that these are 
not early signs and that to prevent overlooking 
these ulcers it is necessary to be familiar with 
the early mucosal changes such as veiling of the 
mucosal pattern, edema and superficial indura- 
tion in the ulcerated area, elevating the mucosa, 
obliteration of the folds over the ulcer area, 
thickening of the folds, distortion of the longi- 
tudinal folds, cross-bar folding of the mucosa at 
right angles to the long axis of the duodenal 
bulb, a criss-crossing, lace-like or checker-board 
appearance of the mucosal pattern and con- 
vergence of the folds toward the ulcer. One of 
the earliest signs of duodenal ulcer is fragmen- 
tation of the barium-filled bulb due to localized 
edema and spasm. Though it is not so pathog- 
nomonic as marginal deformity or niche, it is 
sufficient for diagnosis and as it occurs in the 
earliest stage of ulcer it is very important to be 
able to recognize it. It is best demonstrated on 
roentgenoscopic examination, using manual 
compression. In addition to these mucosal 
changes, there are physiological changes that 
cause secondary roentgen signs such as irrita- 
bility of the bulb of the duodenum, altered 
motility, altered tone and spasticity . — Audrey 
G. Morgan. 

Reiley, W. E. Relation of coincident anomalies 
of the gastro-intestinal tract and renal ptosis 
to digestive disturbance. Radiology, July, 
I944> 43 , 30-34- 

A series of 179 patients (61 males and 118 


females) with duodenal regurgitation were 
studied. This anomaly was found to be as- 
sociated very frequently with abnormal mo- 
bility of the kidney and a short first meta- 
tarsal. Feet with short first metatarsals are 
weak and often associated with spastic piri- 
formis-muscles and movable kidney. 

In 80 per cent of these cases with duodenal 
regurgitation there were digestive disturbances 
and in 72 per cent abnormal mobility of the 
kidney. The close relationship between the 
digestive and urinary tracts is not appreciated 
at its true value. Traction on the kidney pedicle 
causes a nervous response which results in 
nausea, vomiting, constipation, flatulence, 
nervousness and fatigue. Duodenal regurgita- 
tion is frequently a reflex from disease of the 
upper urinary tract and if seen it is an indica- 
tion for careful examination of the urinary 
tract. Duodenal regurgitation, hjqDofunction 
of the gallbladder, spastic colon and movable 
kidney are frequently found associated and 
ptosis of the kidney is very common in gall- 
bladder disease. Chronic gallbladder disease 
of itself does not cause nausea. If there is nau- 
sea it indicates a lesion of the upper urinary 
tract. 

The duodenal regurgitation and other di- 
gestive disturbances associated with ptosis' of 
the kidney may be relieved by an abdominal 
binder or nephropexy . — Audrey G. Morgan. 

Hefke, H. W. The roentgen diagnosis of 

h}'pertrophic pyloric stenosis in infants. 

Radiology, Sept., 1944, 43, 267-271. 

The first symptom of hjqpertrophic pyloric 
stenosis in infants is vomiting which occurs 
about two to three weeks after birth. In the 
majority of cases it can be diagnosed clinically 
by palpation of the tumor but there are a 
certain number of cases in which roentgen 
examination is required for diagnosis. The 
most important roentgen sign is the narrowed 
prepyloric canal which can be demonstrated bj 
fluoroscopy and on films. Films must be made 
in the right oblique position for on an antero- 
posterior view the pylorus and duodenal cap 
are often not seen. 

The pyloric opening time is of importance. 
The normal pylorus in an infant will practical y 
always open and discharge barium into the 
duodenum during the feeding. If the opening 
time is delayed more than five minutes pyloric 
stenosis is very probable. The emptying time 
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of the stomach is of much less importance. In 
many cases of proved disease with large tumors 
the opening time is delayed up to as long as an 
hour but the emptying time was normal, that 
is, in three to four hours no barium remained 
in the stomach. 

Among more than 1 50 infants examined by 
the author on a suspicion of pyloric stenosis 
the tentative diagnosis was confirmed by 
roentgen examination and a Ramstedt opera- 
tion performed. In 3 cases the clinical diagnosis 
not confirmed by roentgen examination 


was 


and no tumor was found on operation. In 38 
cases the clinical diagnosis was not confirmed 
by roentgen examination and the later clinical 
course proved the roentgen diagnosis correct. 
After a Ramstedt operation the pyloric opening 
usually becomes normal in a short time. 
Audrey G. Morgan. 


and they can be diagnosed early by roentgen 
examination. Typical cases of the various 
types are described and illustrated by roent- 
genograms. 

In early cases the use of the Miller-Abbott 
tube is valuable in bringing about decompres- 
sion. It may be dangerous in strangulated ob- 
struction where the viability of the intestine is 
in danger. Intubation should be carried out by 
the roentgen department as it can be done 
successfully only under fluoroscopic control. 
The technique of intubation is described in 
detail. 

The barium enema is valuable in the reduc- 
tion of intussusception . — Audrey G. MorguJi. 

ViAMONTE, J. Manuel, and Farinas, Pedro L. 
Diagnostico radiologico de la amebiasis 
colica. (Roentgen diagnosis of amebiasis of 
the colon.) Fida 7iueva, Jan., 1943, 5/, 1-19. 


Hunt, Claude J. Correlation of the x-ray 
diagnosis with the operative findings in 
small-intestinal obstruction. Radiology-, Aug., 
1944 j 43, 107-1 14. 

Roentgen examination should be used much 
more than it is in the diagnosis of obstruction 
of the small intestine. In 1914 Case described 
gas shadows in the small intestine as an aid in 
the diagnosis of obstruction, and Kloiber in 
1919 first stated that the diagnosis could be 
made from the gas shadows and a contrast 
medium Avas not necessary. But the typical 
transverse pattern described by Case is not 
necessar)’’ for the diagnosis of obstruction of the 
small boAvel. Any collection of gas in the small 
intestine of an adult indicates obstruction and 
it develops within four or five hours of the 
beginning of obstruction. The distribution of 
the gas indicates the probable type of lesion. 
In mechanical obstruction by adhesive bands 
only the small intestine is distended while in 
paralytic ileus both the large and small in- 
testine are distended. It may require a number 
of films to prove paralytic ileus. The painless 
abdomen is also a point in differential diagnosis 
and in fact both clinical and roentgen findings 
must be studied and carefully correlated, 
imple mechanical obstruction may not require 
immediate operation but immediate operation 
IS unperatiA'e in loop obstruction, volvulus or 
strangulation on account of the danger of 
gangrene of_the intestine. Simple mechanical 
obstructions are probably the 


Amebiasis is endemic in tropical countries 
and its diagnosis is very important. The 
clinical picture is characteristic in the late 
stages but it is important to diagnose it in the 
early stages Avhen treatment is effective and the 
clinical picture at this stage may be confused 
with that of many other diseases. Roentgen 
diagnosis therefore becomes extremely valuable 
and is possible even at an early stage. The 
different stages of the disease are described and 
illustrated Avith drawings and roentgenograms 
of clinical cases. 

Speder, Avorking in French Morocco, clas- 
sified the disease into six stages, the atonic, 
accordeon, rough cord, irregular, in Avhich the 
contrast medium is distributed irregularly over 
the surface of the colon, rigid and filiform. 
These names are descriptive. To these the 
authors add those of diffuse and localized 
amebic tumor. These tumors may very readily 
be confused with the tumors of tuberculosis or 
syphilis. Examination may be made by a 
contrast meal or contrast enema, preferably 
both. Such examinations shoAV the extent and 
the stage of the lesions. 

Histopathological examination for amebae is 
not sufficient for it is positive in only about 20 
per cent of the cases. Negative rectosigmoidos- 
copy does not disprove the disease as there are 
not always lesions of the rectum or sigmoid. It 
is hoped that this article Avill stimulate 
moner use of roentgen examination 


commonest tjqie disease.-^w^ro' G. Morgan. 


com- 
in this 



Abstracts of Roentgen and Radium Literature 


March, 1946 


372 

Macht, Stanley H. Foreign body (bottle) in 

the rectum. May, 1944, 500-501. 

A case of foreign body in the rectum is 
described as a medical curiosity. The patient, 
a sailor thirty-one years of age, entered hospital 
complaining of pain in the lower abdomen, in- 
ability to defecate and bleeding from the bowel 
on attempted defecation. The day before he had 
drunk himself into an alcoholic coma. Roentgen 
examination showed a bottle, with its open end 
upward, in the sigmoid and iliac colon. Under 
spinal anesthesia it was extracted manually; 
in a week pain and tenderness had disappeared 
and the patient was discharged. 

A number of other cases of curious foreign 
bodies in the rectum are reviewed from the 
literature. This is the eighth case in which a 
bottle in the rectum has been reported. — 
Audrey G. Morgan. 

Faust, Daniel B., and Mudgett, Charles S. 

Visualization of the biliary tract with air and 

barium following a barium meal. Ann. Int. 

Med., August, 1943, 19, 356-367- 

An excellent review of all the pertinent litera- 
ture up to the present time is given. It was 
noted in the cases reviewed that the appearance 
of air in the gallbladder was due either to a gas 
bacillus infection of the gallbladder, or to a 
fistulous communication from the biliary tract 
to the stomach, the duodenum, or the colon, 
either spontaneous or surgical in origin. Nu- 
merous instances were recorded in which the 
biliary tract, in part or as a whole, has been 
outlined with barium following a barium meal 
or a barium enema but witliout air being noted 
in the biliary tract. In these cases spontaneous 
or surgical fistula were present in the great 
majority. In many instances there had appar- 
ently been a direct passage of a calculus from 
the gallbladder to the duodenum, either the 
duodenal bulb or the second portion of the 
duodenum, or to the colon — most commonly 
the hepatic flexure. Seventeen cases have been 
reported in which no fistula was demonstrated 
and in which the biliary tract was outlined with 
barium to a greater or less extent. In none of 
these cases without fistula was there any air 
noted in the gallbladder or common duct. It is 
believed in these cases that the barium gained 
entrance into the biliary tract through an in- 
competent sphincter of Oddi and perhaps this 
incompetency accounted for the symptoms in 
these cases. 


In cases without fistula, as in those with 
fistula, the symptoms vary but in most in- 
stances were referred to the upper abdomen. 
A variety of conditions was noted in the cases 
with incompetency of the sphincter of Oddi, the 
most frequent being duodenal ulcer and tumors 
in the upper abdomen. No definite conclusions 
could be drawn from this small group of cases. 

The authors were not able to explain in the 
case they reported the finding of air in the 
biliary tract by either a gas bacillus infection 
of the gallbladder or a fistula between the 
biliary and gastrointestinal tracts. There was 
undoubtedly relaxation of the sphincter of Oddi 
with general atony of the biliary tract. No case 
has been found in the literature in which the 
biliary tract has been visualized and air seen 
in the gallbladder without a fistula being 
present, as was in the case reported here. An 
exploratory laparotomy had been done on the 
patient. The stomach was found to be normal. 
The duodenum was opened and explored for a 
distance of 8 inches and no polyp, tumor, or 
ulcer was found. The gallbladder was adherent 
to the second portion of the duodenum and was 
easily freed. Traction from the cholecysto- 
duodenal adhesions may have played a part in 
producing the incompetency of the sphincter of 
Oddi. Releasing the adhesions at operation 
followed by the use of a bland diet, low in fat, 
afforded this patient symptomatic relief. 
y. y. McCort. 


Baylin, George J., and Weeks, Kenneth D. 
Some roentgen aspects of pancreatic necrosis. 
Radiology, May, 1944, 42, 466-470. 


A case of pancreatic necrosis in a white 
cotton-mill worker forty-two years of age is 
described. He was admitted to the hospital 
with clinical signs that suggested obstruction 
of the large bowel and portal obstruction pos- 
sibly due to cirrhosis of the liver. A plain 
roentgenogram of the abdomen showed a 
mottled appearance due to irregular rounded 
areas of increased density. They showed no 
calcification. A roentgenogram with a stomach 
tube in place showed the tube deflected to the 
right and upward. A study after giving a 
barium enema showed areas of spasm as- 
sociated with loss of normal mucosal detail. 
These were in the mid-transverse colon, the 
splenic flexure and the ileocecal region. The 
mottling was attributed to fat necrosis and 
subsequent saponification resulting from pan- 
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creatitis. The displacement of the stomach to 
the right and upward was thought to be due 
either to swelling of the pancreas or to sealing- 
off of the foramen of Winslow with resu’tant 
accumulation of fluid in the lesser omental 
bursa. The intestinal spasm was thought to be 
due to the fat necrosis and the peri-intestinal 
inflammation caused by it. Operation confirmed 
the diagnosis of necrosis of the pancreas. The 
patient died and the autopsy findings are 
described in detail. 

In this case the bases of the lungs were not 
roentgenographed, though basal exudates often 
occur in necrosis of the pancreas. The “inverted 
figure 3 sign” has been considered of great 
importance in changes in the head of the 
pancreas. The authors found it only once in the 
careful study of several cases of carcinoma of 
the pancreas. But on the basis of this sign plus 
spasm of the duodenum they made a diagnosis 
of pancreatitis which was confirmed by opera- 
tion . — Audrey G. Morgan. 

GENITOURINARY SYSTEM 


nosis, therapy, and end-results. Radiology, 
April, 1944, 

Tumors of the kidney are difficult of diag- 
nosis because they have generally grown to 
large size and often metastasized before they 
are discovered. Tumors of the cortex may not 
cause hematuria until they break into the 
pelvis and are not apt to cause pain until they 
invade the capsule; the patients seldom notice 
the mass themselves, at least until it is very 
large. 

The Brooklyn Cancer Institute uses the 
following classification of kidney tumors; (i) 
tumors of the kidney cortex {a) papi’lary 
adenocarcinoma; {])) alveolar adenocarcinoma; 
(c) adenomyosarcoma (Wilms’ tumor); (a) 
tumors originating in adrenal rests; hyper- 
nephroma; (3) tumors originating in the kidney 
pelvis: ia) papillary epithelioma; (^) alveolar 
carcinoma. Grawitz’ theory that hyperneph- 
romas originate from adrenal rests in the 
kidney is now doubted. A large proportion of 
cases reported as hypernephroma are really 
renal adenocarcinoma. Primary kidney tumors 


Osgood, Ellis C. Value of the delayed ex- 
amination in pyelography. Radiology, April, 
1944, 42, 380-381. 

Somet'mes, as in hydronephrotic kidney for 
example, diagnosis can be made from roent- 
genograms taken as long as twenty-four hours 
after retrograde pyelography when it could 
not be made from films taken immediately 
afterward. An illustrative case is described in a 
woman of eighty-one who came for examina- 
tion on account of right lower quadrant pain 
irradiating to the back. Roentgen examination 
showed a large soft tissue mass in the right 
kidney area. A retrograde study on the right 
showed a circular dye shadow with poorly 
defined margins in the kidney region. A roent- 
genogram made twenty-four hours later showed 
that the dye had diffused throughout the soft 
tissue mass, showing that it was a large hydro- 
nephrotic sac. 

To determine whether such late films should 

e made the routine films should be studied 
at once; the appearance of these films will also 
time that should elapse before the 
< 1 eiai'ed examination is m^A&.~Audrey G. 
Morgan, 

Ho\\ ES, V ILLIAM E. Kidney tumors; classifica- 
tion, review of symptoms, methods of diag- 


may be radiosensitive but metastases, especially 
to bone, are radioresistant. 


The author reports 59 cases of malignant 
tumor of the kidney seen at the Brooklyn 
Cancer Institute among a total of 6,400 ad- 
missions, or 0.65 per cent of admissions. Of 
these 45 were proved by autopsy or nephectomy 
while 9 were not confirmed pathologically. 
Pain was the outstanding and first symptom in 
29 cases, hematuria in 21 ; in 4 the first sign 
was the abdominal tumor. Only ii of the 
patients are still living and only 5 of these are 
free of metastases for over three years. The 
author has seen a recurrence of tumor twenty 
years after nephrectomy. Nephrectomy was 
performed in 38 of these cases and but 5 of 
these have survived over three years without 
known metastases. All of these surviving pa- 
tients were given postoperative roentgen treat- 
ment and one was given large amounts of 
preoperative irradiation. 


udet. pain ana loss of weight 
and strength should be considered indications 
for careful examination for kidney tumor and 
transitory hematuria should never be dis- 
regarded. Diagnosis is made by roentgen ex- 
amination and clinical and laboratory findings 
Bone metastases must not be confused wfth 

KTade ofTh'^T''- f 

De made of the value of preoperative roentgen 
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irradiation. Histories and roentgenograms of 
noteworthy cases are given, and a tabulation of 
the end-results . — Audrey G. Moi'gan. 

Bixler, Louis C., Stenstrom, K. Wilhelm, 

and Creevy, C. D. Malignant tumors of the 

kidney; review of I17 cases. Radiology, April, 

W 44 . 4 ^^ 329-345* 

The liistory of tumors of the kidney is 
reviewed and 117 cases seen at the University 
of Minnesota Hospital from 1924 to 1940 
discussed. These were followed up to the end of 
1942. They included 94 cases of carcinoma of 
the renal cortex, 13 cases of Wilms’ tumor, 9 of 
carcinoma of the renal pelvis and i of sarcoma. 
Tables showing the symptoms, treatment and 
results are given. 

The average age of the patients was 53.4 
years and 63 per cent were males and 37 per 
cent females. The chief symptoms were 
hematuria, pain, abdominal mass, loss of 
weight and weakness. Even the slightest 
hematuria should be considered an indication 
for thorough examination, including urography. 

Metastases were demonstrated at the time 
of diagnosis in 14 of the 8: proved cases of 
carcinoma of the cortex. There is some ques- 
tion as to the advisability of nephrectomy if 
there are metastases at the time of diagnosis. 
The authors conclude that nephrectomy is not 
contraindicated by one small metastatic lesion 
in the lung or in bone. They believe that ir- 
radiation of metastases and recurrences is 
definitely worth while. Even if it does not 
prolong life it relieves pain and makes a fairly 
normal life possible for the patient. It seems to 
be generally agreed that irradiation alone does 
not cure carcinoma of the cortex. The value of 
postoperative irradiation is not established. 
The authors think it is worth while in some 
cases as it delays the growth of any cancer 
cells that may possibly remain. 

Nephrectomy is the treatment of choice for 
malignant tumors of the kidney except Wilms’ 
tumor. In Wilms’ tumor irradiation seems to 
be of greater value than in any other form of 
malignant kidney tumor. The treatment in 
these cases consisted of surgery alone in 17 
cases, surgery plus irradiation alone in 18 and 
irradiation alone in 13. Only cases proved 
histologically are considered in the results. The 
details of the roentgen technique used are 
discussed. 


In adenocarcinoma of the cortex the five 
year survival rate for cases treated by surgery 
alone was, 50 per cent, for cases by surgery plus 
irradiation 31 per cent, by surgery plus im- 
mediate postoperative irradiation 42 per cent 
and by irradiation alone 8 per cent. There were 
no five year survivals among the Wilms’ tumor 
group, but 3 of the patients are still living and 
well with no signs of metastasis, i after four 
years and eight months. The survival rate in 
carcinoma of the pelvis is 16 per cent and for 
the whole series of kidney tumors 27 per cent.— 
Audrey G. Morgan. 

MISCELLANEOUS 

Wilson, C. W. Some condenser ionization 

chambers for the measurement of x-ray dose. 

Bril, J. Radiol., March, 1944, //, 86-89. 

Commercial dosemeters can be used for the 
ordinary measurement of the output of roent- 
gen tubes, but for more specialized work suit- 
able ionization chambers must be made in the 
laboratory workshop. The Victoreen dosemeter 
which makes use of the condenser chamber 
principle is the one usually preferred for the 
calibration of tubes; small condenser ionization 
chambers using the same principle may be used 
in conjunction with a suitable electrometer for 
most other types of investigation. 

Two types of chamber are described and 
illustrated with diagrams. They are condenser 
ionization chambers with the Wulf bifilar elec- 
trometer. Their simplicity and usefulness is 
increased by the use of an air-wall material 
which is a bakelite-graphite mixture containing 
a small percentage of vanadium pentoxide; it 
can be moulded under heat and pressure. The 
first type is intended for routine calibration 
measurements of tube output. A small cylindri- 
cal ionization chamber is mounted at the end of 
a stem, in a manner similar to that of the 
Victoreen chamber. The second is intended for 
more experimental work, such as the determina- 
tion of the volume distribution of radiation by 
means of direct measurements on patients. In 
this type the ionization chamber constitutes the 
whole apparatus, the maximum overall dimen- 
sion being not more than i cm. 

The behavior and response of the chambers 
when irradiated is described and graphs given 
showing the effect of wall thickness on the meas- 
urement of roentgen rays over a range of wave- 
lengths . — Audrey G. Morgan. 
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Braestrup, Carl B. Depth dose measurements 
for IOO-, I20-, and 135-kv. roentgen rays. 
Radiology, March, 1944, 4^, 258-272. 

As larger doses are being used in the treat- 


made of paraffin wax and slabs of mixed rice 
flour and sodium bicarbonate.- In measuring 
energy absorption in the model, condenser 
chambers were placed at the centers of mass of 
equal “cells” of a given section. The integral 


ment of superficial cancer it becomes increas- obtained in three.tyays: (i) from the 

ingly important to knmy the amount ot r^ia- indications of the chambers (aver- 

tion given to the underlying healthy tissue, i his method); (2) by drawing complete 

information has been limited by the lack ot distributions in a given plane, followed by 

complete depth dose tables for low and inter- of ^reas between dose contours, 

mediate voltages. This article is largely made oer- 

up of tables showing phantom measurements JT.! j-vf rrf o 

of depth doses for half-value layers from i.o 
8.0 mm. aluminum (0.04 to 0.44 mm. 


to 0.0 mm. 
copper). The equipment and measuring instru- 
ments are described and the comparative value 
of phantom materials discussed. Masonite 
presdwood should not be used for radiations 
produced at less than 200 kv. even if its density 
is unity. Water simulates human tissue much 
more nearly and its availability in a pure state 
permits of better duplication of results between 
different laboratories. The values obtained with 
presdwood are in general higher than those for 
water, especially at the greater depths. 

The wide range of depth doses obtained with 
the four ray qualities used in this study indi- 
cates that low and intermediate voltage therapy 
could be carried out more effectively with a 
limited number of techniques. This would per- 
mit of better correlation between clinical re.sults 
and physical factors. Half-value layers of 1.0, 
2.0, 4.0 and 8.0 mm. aluminum as used here 
should be sufficient for most clinical purposes. 
And two target-skin distances, 15 cm. for small 
fields {5 cm. or less in diameter) and 30 cm. for 
large fields should be sufficient for the majority 
of superficial lesions . — Audrey G, Morgan. 

Mayneord, W. V., and Clarkson, J. R. 
Energy absorption. 11. Integral dose when 
whole body is irradiated. Brit. J. Radiol., 
June, 1944, 77, 177-182. 

This paper discusses an experimental study 
of the absorption of energy during roentgen 


tain conditions the dose at the center of gravity 
of a cross-section is equ;il to the average dose in 
that section. 

A very wide range of experimental irradia- 
tions was used, covering half-value layers from 
0.037 mm. copper (40 kv.) up to lo mm. copper 
(gamma rays of radium). Tables of the integral 
doses obtained in this way are given. 

The average dose per roentgen on the skin 
for a patient of normal size varies from ap- 
proximately 0.8 r for gamma rays to 0.175 ^ for 
low voltage irradiations. It is found that the 
integral dose per surface roentgen varies with 
quality in a complex way which may be pre- 
dicted theoretically, the main practical result 
being that for half-value layers below approxi- 
mately I mm. copper the integral dose falls very 
rapidly with decreasing half-value layer. 

The relative integral doses in wax and in 
powder mixture were studied. The variation of 
the integral dose with changes in the direction 
of the roentgen-ray beam was also studied. The 
values for external radium sources were found 
by making use of reciprocity relationships be- 
tween source and irradiated object. 

The integral doses with smaller focal-skin 
distance roentgen techniques were measured in 
a few cases to provide data for those who use 
irradiation of the whole body with small doses. 
The importance of integral dose in problems of 
protection is pointed out, particularly with re- 
gard to the great variation of integral dose per 
surface roentgen with changes in half-value 


and radium treatment, particularly when the The measurements show the fallacv of can 
whole body IS irradiated. The uni't of integral sidering to r in a whole bndT ^ 
dose suggested is the gram-roentgen-that is, “small dose,” L Jhen annl^^ 

.he energ,. conversion *n , roL„„ is de! inregra, dSi 

an amount comparable with that absorbed 
durmg the whole of a- severe localized treat- 

There is a marked increase of integral dosa<^e 
te on approaching powerful radium sources. 


w. ....V,.. I roentgen is de 

ivered to i gram of air. For clinical purposes 
I megagram roentgen, that is, i million gram 
roentgens is used. 

-A model of a patient was constructed that 
nad elliptic cross-sections at all levels; it was 
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The study of integral dose will frequently show 
relationships that are not brought out by a 
study of dose alone. — Audrey G. Morgan. 

Wolf, Bernard S. Nomographic aids in calcu- 
lating radium dosage for plane and point 

sources. Radiology., April. 1944, 42, 368-374. 

Calculations of radium dosage were simplified 
by the contributions of Paterson and Parker 
published in the British Journal of Radiology. 
For radium sources filtered by 0.5 mm. plati- 
num or its equivalent, distributed on square or 
circular areas, the number of milligram-hours 
required to deliver 1,000 gamma roentgens 
could be determined from a group of graphs. 
The same data can be put in the form of an 
alignment chart or nomogram. Such a nomo- 
gram is illustrated. It consists of three vertical 
scales. The area in square centimeters is given 
on the left-hand scale. The treatment distance 
in centimeters is given on the center scale. The 
right hand scale has divisions on both sides. 
The divisions on the right side of this scale are 
labeled at the top mg-hr. and the divisions on 
the left side are labeled %. 

The method of using the nomogram is de- 
scribed and illustrated by examples and cor- 
rection figures given for filtrations other than 
those equivalent to 0.5 mm. platinum and for 
tissue absorption if the source of radiation is 
surrounded by tissue. These data are based on 
the assumption that the source of radiation is 
a point, which of course it never is in actual 
practice. The calculated dose is therefore a 
little too high, but in the average case the error 
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is not more than 5 per cent. — Audrey G. 
Morgan. 

Jones, D. E. A. Dosage system for linear 

gamma-ray sources. Brit. J. Radiol., Feb., 

1944. ^ 7 , 46-47- 

In cases requiring radium treatment of an 
approximately cylindrical surface, such as the 
rectum, vagina or uterus, a linear radium 
source is generally used, contained in some form 
of tubular applicator. The dose is calculated at 
the middle point of the linear source. But this 
gives the maximum dose, as the dosage de- 
creases towards the ends of the linear source. 
Where greater uniformity is necessary the axial 
source may be divided into three parts, the 
middle one of which is weaker than the two end 
ones. Calculations of the actual dosage rates are 
based on Sievert’s formula for a linear source 
contained in an absorbing cylinder. The neces- 
sary formulas are gien and also two graphs 
showing the results which have been confirmed 
by experimental work at the Lambeth hospital 
for over two years using rectal applicators of the 
Tod type and vaginal colpostats. One of these 
graphs gives the percentage content- of the 
central source and the other gives the milligram- 
hours required for a dose of 1,000 r for different 
shapes of applicator. If a considerable amount 
of a particular type of treatment is given in a 
hospital, such, for example, as carcinoma of the 
uterus, it is well to have sets of tubes made up 
of the size and content required for standard 
cases. In other cases supplementary radon 
sources may be used. — Audrey G. Morgan. 




THE AMERICAN JOURNAL 

OF roentgenology 


AND RADIUM THERAPY 



RESULTS OF ROENTGEN TREATMENT OF LEUKEMIA* 

By BERNARD PIERRE WIDMANN, M.D. 

PHILADELPHIA, PENNSVLVANIA 


T he value of roentgen treatment in 
chronic leukemias is generally acknowl- 
edged as an excellent palliative measure. 
There is optimism and pessimism in the 
varied reports of results, especially in the 
statistical appraisals of a possible increase 
in the longevity cycle. 

It was for this purpose that a review of 
the records of all cases of chronic myelog- 
enous and lymphogenous leukemia at the 
Philadelphia General Hospital was under- 
taken five years ago. The findings at that 
time were considered disappointing. The 
history records and pertinent laboratory 
data were interpreted as being confusing, 
and the report was accordingly set aside. 
Since that time additional patients and 
further changes of technique have been ob- 
served. The problem and the interpretation 
of results were considered from another 
point of view. All pertinent factors in the 
clinical status were evaluated. Special at- 
tention was directed to an estimation of the 
life span in relation to the many* varied 
technical factors employ'ed. 

It was hoped that there might be strong 
evidence to support a conclusion of the 
possible decided superiority*.of a^particular 
irradiation technique. The advantages or 
disadvantages of fractionated small or large 
OSes confined to the spleen or enlarged 


lymph nodes, or generalized irradiation of 
the entire body— so-called teleroentgen or 
“spray” techniques — were meticulously 
tabulated according to the final results. The 
correlation and evaluation of such in- 
formation was essentially the objective 
and special scope of this analysis, and a 
brief summary and interpretation of the 
evidence is herewitli submitted. 

A review at this time of the records of 
no patients shows very interesting and 
concrete data which might reasonably be 
considered a representative cross section of 
the actual results and experiences in the 
radiation management and treatment of 
chronic leukemia. This evaluation includes 
all cases, even the very advanced, in which 
no significant irradiation could be given. 
Practically all the cases in the series were 
relatively comparable. Their illness was 
sufficiently severe to require hospitaliza- 
tion. The ratio of age, sex and race showed 
no significant deviation from that noted in 
other reports in the literature. 

The symptoms were strikingly insidious. 
They were predominantly weakness, loss of 
weight, cough, dyspnea, edema of extremi- 
. ties, abdominal pain and fullness. Enlarge- 
m'ent of the spleen and lymph nodes varied 
in degree but was usually marked and gen- 
eralized. 

‘ » i 
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Biopsies of bone marrow (sternal) and 
lymph nodes were done in 21 per cent of 
the cases. 

Of the 1 10 patients, 46 were too ill to 
undergo treatment (Table i). They were 

Table I 

Number of Cases 
phoTd 

Too advanced for irra- 
diation 25 21 46 

Irradiation; no "follow- 
up” 9 6 15 

Irradiation: Adequate 

“follow-up” 24 25 49 

58 52 110 

practically moribund when admitted to the 
hospital. Two of these cases were clinically 
acute myeloid and 1 cases were acute 
myeloid-aleukemic types. None lived longer 
than one month. It is interesting to note 


that almost all of these patients had been 
ill less than six months before hospitaliza- 
tion. In 7 cases the duration of symptoms 
was less than two weeks, yet the subsequent 
clinical course showed them to be chronic 
cases. In 6 instances the symptoms had 
been present longer than one year. 

Of the patients to whom irradiation was 
administered, 15 could not be traced after 
discharge from the hospital. This group 
obviously cannot be considered for any 
statistical purpose. 

The present study is limited to 49 pa- 
tients who were followed throughout their 
illness. Of these, 28 died, and 21 are still 
under active treatment (Chart i). Twelve 
patients (50 per cent) lived six months or 
less; 17, or 70 per cent, lived three years 
or more; 7 lived more than five years. Two 
patients lived thirteen years, l eighteen 
years and i nineteen years. This is a good 
summary of the status of the controlled ir- 
radiated patients in relation to the life 
span from the time of diagnosis and the 



Chart 1. The life span from the time of instituting treatment is shown. About 40 per cent of the patients 
were too ill for irradiation when admitted to the hospital. Of the irradiated patients 13 per cent cou 
not be traced. The life span after instituting treatment was 39.7 months for the lymphoid, and 32.2 mont s 
for the myeloid leukemias. 
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beginning of treatment. There was prac- 
tically no appreciable difference in the clin- 
ical course or the life span of the lymphoid 
and myeloid types. 

It might be argued that the ones who 
died within six months were too advanced 
in their disease when treatment was started. 
Obviously not all of the patients could be 
identical in extent of clinical involvement 
except insofar as they required hospitaliza- 
tion. 


ment was 39.7 months (3.3 years), in the 
myelogenous group 32.2. months (2.7 years). 
One could easily add a year or more to these 
results if the life cycle were to be estimated 
from the patients’ statements as to the on- 
set of the disease. But such a method of 
estimating the life span for a large group 
would lead to erroneous conclusions, and it 
would undoubtedly be misleading to ac- 
cept the results of such calculations. 

There were 2 patients in each group 
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(Chart i) with life spans extending to thir 
teen and eighteen years in the lymplSd 
jrteen and nineteen years in the 
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benign character of the disease and not at- 
tributable directly to irradiation (Charts ii 
and III). 

These results show that 30 per cent of all 
patients irradiated may live three years or 
more. About 40 per cent will be too ill to 
tolerate enough treatment to be of benefit. 
Of the treated cases, more than 50 per cent 
will show clinical improvement which may 
be of a very dramatic degree. Actual pro- 
longation of life, which is undoubted in 
some patients but questionable or indeter- 


minate in others, cannot be mathematically 
established for statistical purposes. 

According to Minot, Buckman and 
Isaacs^ (i9‘^4)j the average duration of life 
of 78 irradiated patients with chronic 
myelogenous leukemia was 3.5 years after 
detection of the first symptoms, as com- 
pared with three years for the non-irradi- 
ated patients. Minot and Isaacs^ did not 
believe irradiation prolonged life in cases 
of chronic lymphatic leukemia. 

Hoffman and Graver^ reported the aver- 
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age duration of life after beginning treat- 
ment was 2.62 years for 82 patients with 
chronic myelogenous leukemia. They com- 
ment that “irradiation treatment causes an 
average increase of about ten months in the 
duration of efficient life as well as a period 
of efficiency and usefulness that the patient 
otherwise could not hope to enjoy.” 

The diverse clinical, pathological and 
technical factors make it very difficult to 
estimate for statistical purposes the life 
cycle of these patients from the onset of 
symptoms. No matter how painstakingly 
the histories may have been recorded, the 
first symptom as reported by the patient is 
not always reliable evidence of the onset of 
the disease. In many individuals the diag- 
nosis has been made accidentally in routine 
blood studies. In this review, one patient 
was being prepared for tonsillectomy and 
another was admitted with pneumonia 
when the diagnosis of leukemia was made. 

The history record of the first s)’mptom 
and the time of onset may have no relation 
to leukemia. In this report, this informa- 
tion was not clearly or definitely recorded, 
and in many of the history charts the evi- 
dence was vague or contradictory. The oc- 
casional record of symptoms of long dura- 
tion (three or more years) could easily raise 
the averages of the life span and the con- 
clusions would therefore be misleading. 

Each patient is an individual involving 
special details in treatment and in inter- 
pretation of the results. Patients witli very 
mild or so-called benign types of leukemia 
may carry on for years with little or no ir- 
radiation. Patients with the fulminating or 
so-called malignant types, with very marked 
lymph node or splenic enlargement and 
rapidly failing health and strength, usually 
show progressive involvement unless treat- 
ment is instituted. 

The blood count is a reliable criterion of 
the progress of the disease. Treatment 
should be withheld until the patient’s 
symptoms require alleviation. In this series, 
many patients maintained an excellent 
status of well being and apparent good 
health with leukocyte counts ranging from 


50,000 to 100,000. Under these circum- 
stances, no irradiation was given unless 
there was evidence of general indisposition, 
pain (predominantly in the region of the 
spine or joints), or marked lymph node or 
splenic enlargement. 

lu many instances it is necessary to con- 
tinue roentgen treatment until the leuko- 
C3'te count reaches 40,000 or 50,000. There 
may be some risk in aiming to maintain a 
normal leukocyte level. A progressive re- 
duction to a dangerously low level may oc- 
cur even after treatment has been discon- 
tinued. 

Many individuals show a marked toler- 
ance for a very high leukocyte count and, 
conversely, many will manifest alarming 
symptoms with a relatively low, almost 
normal blood picture. 

The use of the basal metabolic rate to 
indicate and to support the clinical mani- 
festations of relapses is very excellent, as 
recently observed by Uhlmann and Gold- 
ner* and previousl}' described by others.®'® 
It was employed in a small number of cases 
in this series. The high rate was not always 
commensurate with the sense of well being. 
It probably indicates distinct evidence of 
activity and is possibly a criterion for the 
need of irradiation despite the blood find- 
ings, which do not always reflect the actual 
condition of the patient. This evidence of a 
relapse or renewed activity is usually mani- 
fested readil)' and sometimes unmistakably 
in the general clinical course and well being 
of the patient. 

The complexities of repeated relapses 
during the period of observation and treat- 
ment vary in frequenc)'’ and intensity, and 
occur regardless of the technical procedures 
emploj'^ed. In Murphy’s^ series of cases this 
problem seemed to be controlled when he 
employed the “spray” technique as against 
a kind of intermittent massive dose tech- 
nique. There was also an improvement in 
the life span of patients so treated. Murphy 
regulates the frequency of treatments. ac- 
cording to the blood picture, which he 
aims to keep below the level of 30,0^ to 
40,000. In this series the number of patients 
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treated with a teleroentgen technique was 
small. The results were not essentially dif- 
ferent from those obtained with other local- 
ized, fractionated small and large doses. 

In reviewing the literature one is im- 
pressed with the many variations of tech- 
nique with reference to intensity, rate of 
delivery, size of field, and region treated. 
Excellent results, with life spans of four 
and five years and sometimes longer, have 



Chart xi. Favonible course with no treatment for 
one year, also illustrated in Charts v, vn and xiv. 


been shown with a manifold variety of 
techniques. As in this series, no standard 
procedure of daily or total dose was uni- 
formly satisfactory (Charts iii, iv, v, Aa, 
VII and viii). 

A high level in the leukocyte count may 
be reduced rapidly to levels of 8,000 to 
10,000 and consistently maintained with a 
commensurate well being of the patient 
(Charts vi, xi, and xiv). Such a vigorous, 
intensive procedure in as many more pa- 
tients would result in disaster — shock, col- 
lapse and shortened life. In this series of 
cases, the clinical course of a large group of 
patients was as satisfactory with leukocyte 
counts approximating 100,000 (Charts ix 


and x) as was noted in groups purposely 
maintained at levels of 50,000 and 25,000 
(Charts VII, vni, xi, xn and xiii). 

On the other hand, there were astounding 
variations in the clinical course, with and 
without treatment. Just as many patients 
may react well or poorly with different 
technical procedures of irradiation, a cer- 
tain group will carry on without any kind 
of treatment. 

There was no uniformly satisfactory 
technique. One should adhere to the prin- 
ciple of finding the smallest dose com- 
patible with establishing a state of improve- 
ment in health and well being and effi- 
ciency. Usually 50 r (measured in air) is a 
safe starting basis. This may need to be 
given one, two, three, four or five times a 
week. In some cases this dose may be satis- 
factory if given only once or twice a month. 
A dose of 50 r may be sufficient at intervals 
of several months. The general health may 
be excellent for six months or a year with- 
out treatment. A satisfactory clinical status 
may often be maintained with these various 
small intensities and rates with leukocyte 
counts of 75,000 to 100,000, while in other 
groups the same clinical status is achieved 
only by reducing the white count to 50,000, 
25,000 and 10,000 levels. This observation 
indicates that the rate and intensity of ir- 
radiation should be modified according to 
the clinical course rather than according to 
the leukocyte level. 

There are instances when greater inten- 
sities are necessary — as much as 100, 150 
and 200 r. Sensitivity to the effects of roent- 
gen rays diminishes at variable rates (Chart 
vi). A patient may become refractory to 
the effects of small doses within six months 
to a year, and doses up to 200 r are neces- 
sary to bring about a stabilizing effect. In 
addition to regulating the dose according to 
the well being, one must frequently also 
consider additional treatment for excessive 
enlargement of lymph nodes or spleen. 

Identical results may be obtained with 
125 kv. and filtrations of 2 to 6 mm. of 
aluminum, and 200 kv. and filtrations of 
0.25, 0.50, I and 2 mm. of copper. The 
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Charts xii and xiii. Satisfactory clinical results accomplished with large daily and total doses and a rate 
of frequency that might be disastrous as a routine procedure. In an average case this would be excessive 
treatment. 


majority of the patients were treated 
using fields of 15 by 15 cm. and 2.0 by 0.0 
cm. over the spleen, mediastinum and ribs 
or over actual enlarged lymph node regions. 


The long bones were never specially treated 
except when the teleroentgen or “spray” 
technique was employed. A single dose of 
25 r for general body irradiation was used, 
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but this was increased to 50 r in some 
cases. Localized treatment with small fields 
of 15 and 20 sq. cm. was generally em- 
ployed and was found to be much more 
convenient, with results as gratifying as 
with irradiation to the entire body. 

The variations of response to different 
technical factors, rate and intensity are so 
great that technical criteria must be de- 
termined and regulated for each patient. 

In 3 cases of this series the leukocyte 
count dropped to a,ooo, but rapid eleva- 
tion occurred with relapses (Charts iv and 
jti). All 3 of these patients lived more than 
three years after these episodes. A leuko- 
penia resulting from excessively large doses 
may be fatal. 

The red blood cell counts varied widely 
in patients surviving several years or more. 
Fluctuations to levels as low as 2,000,000 
were commonly observed. Regeneration 
may be expected with clinical improve- 
ment. A marked disproportion between the 
normal hemoglobin and red blood cell rate 
should be cause for alarm. This change was 
frequently seen in the terminal stages. 

SUMMARY 

Irradiation is a v^aluable palliative pro- 
cedure. Improvement in health and 
strength, and very often restoration of an 
approximately normal efficiency, may be 
achieved in more than 50 per cent of pa- 
tients suitable for treatment. 


The life span is probably increased in a 
small percentage of cases, although estima- 
tions for statistical purposes may be mis- 
leading and should not be used as criteria 
of the value of irradiation. 

The technical procedure should evolve 
from the smallest dose compatible with 
maintenance of a favorable clinical status 
rather than from reductions in the normal 
leukocyte level.* 

no South 1 8th St. 

Philadelphia 3, Pa. 
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T he leukopoietic system is made up of 
bone marrow, lymph glands, spleen, 
and reticuloendothelial cells in other or- 
gans. Here arise polymorphonuclear leuko- 
cytes, lymphocytes, and monocytes. Nor- 
mally the formation of white cells is a very 
active but orderly process, so regulated 
that the total number per cubic millimeter 
of blood varies only within narrow limits. 

Under abnormal conditions, as in many 
infections, the number of cells released 
from the bone marrow is greatly increased. 
This increase is manifested by an ac- 
cumulation of cells at the site of infection 
as well as by a larger number in the circula- 
tion. However, as under normal conditions, 
there are no very immature leukocytes. 
Immature cells remain in the bone marrow 
or at the site of formation elsewhere. The 
normal span of life for a polymorphonuclear 
cell is three to four days and for a lympho- 
cyte about twenty-four hours. Under 
normal conditions five to ten billion 
new polymorphonuclear leukocytes and an 
equal number of lymphocytes, as well as 


All leukocytes develop extravascularly 
from reticulum cells through a number of 
intermediate stages. The primitive blood 
cell derived from the reticulum cell is 
differentiated into myeloblast, lympho- 
blast, or monoblast. According to the 
polyphyletic viewpoint of white cell for- 
mation, the line of development is already 
determined when this differentiation has 
taken place, so that one blast cell cannot 
change into another. Thus, a myeloblast 
cannot become a lymphoblast or mono- 
blast. It can give rise only to a neutrophilic, 
basophilic, or eosinophilic myelocyte, which 
in turn becomes a mature polymorphonu- 
clear cell. Likewise a lymphoblast becomes 
only a lymphocyte, and a monoblast only 
a monocyte. Only mature cells are released 
into the circulation, although new leuko- 
cytes may be less mature than normal if 
there is an excessive need for new cells as in 
lobar pneumonia. 

In leukemia the cells go through these 
same stages, but the formation of new cells 
is more rapid owing to some unknown 


many monocytes, must be released from 
the leukopoietic system every twenty-four 
hours to compensate for those destroyed. 

Leukemia is fundamentally a disturb- 
ance in leukocyte formation and thus con- 
cerns primarily the bone marrow, spleen, 
lyrnph glands, and reticuloendothelial cells. 
It is characterized by a disorderly multi- 
plication of cells in the leukopoietic system. 
Usually there is an increased number of 
eukocytes in the blood stream. Immature 
cells are almost always present, even if 
tiere is no leukocytosis. The disease sug- 
gests a neoplastic process. The blood find- 
mgs only reflect a loss of normal physiologic 

control and balance. 


stimulation or to tne Joss of influences 
which normally control growth of the 
leukocyte and its release into the circula- 
tion. In acute leukemia the cells are usually 
very immature. The marrow is hyperplastic 
and often filled with immature cells, while 
the leukocyte count in the circulating blood 
may be very low. This seems to be ex- 
plained by the fact that immature cells 
reach the circulation with difficulty even 
in leukemia. 

^ Imma.ture cells are identified by certain 
histological characteristics. All blast cells 
are without granules in the cytoplasm, 
which IS very basophilic and so appears a 
deep blue with Wright’s stain. Myeloblasts 
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lymphoblastS;, and monoblasts are difficult 
to differentiate but may differ slightly in 
size, in number of nucleoli, and in the 
staining reaction of the chromatin. Often 
the identification of blasts depends upon 
the “company they keep.” If the blood 
film shows myeloblasts and other inter- 
mediate stages of polymorphonuclear cells, 
the chances are that any blasts present are 
myeloblasts. 

The chromatin in the nucleus of an im- 
mature cell is a fine interlacing thread 
(“lace-net”), which stains much lighter 
than the chromatin in the normal mature, 
nucleus. Nucleoli are usually present. As 
the cells mature, the chromatin changes 
into heavy basic-staining material. This 
is the principal change in the transition of 
a lymphoblast into a mature lymphocyte. 
As a myeloblast develops, granules, which 
are neutrophilic, eosinophilic, or basophilic, 
appear in the cytoplasm to form myelo- 
cytes. Later the nucleus becomes lobulated 
and filamented, the chromatin takes on 
mature staining reactions, and thus a 
mature polymorphonuclear neutrophilic, 
eosinophilic, or basophilic leukocyte de- 
velops. A monoblast develops azure gran- 
ules in the cytoplasm and changes in the 
nucleus to become a monocyte. 

A diagnosis of leukemia is made after a 
hematological and clinical study. Usually 
the blood examination shows a leukocyto- 
sis, although a leukopenia is common, 
especially in acute leukemia. In a recent 
detailed study of 250 cases of leukemia’ 
the white cell count was found to be below 

6,000 per cu. mm. in 07.6 per cent, from 

6.000 to 10,000 in 6.8 per cent, and over 

10.000 in only 65.6 per cent. Many ill 
patients never have a leukocyte count 
above 1,000, Usually the differential count 
reveals immature cells. In the myeloid 
leukemias these may be the intermediate 
stages and include myelocytes, promyelo- 
cytes, and metamyelocytes, as well as 
myeloblasts. Immature cells may be seen 
in different clinical conditions, but prob- 
ably a blast is seen only in leukemia. 

Often in leukemia too few white cells are 


available for study to find many immature 
cells. Here concentrated preparations of 
leukocytes are of the greatest value. These 
are simply prepared by allowing the red 
cells to settle out by gravity for a short 
time, centrifuging quickly, and making 
films from the “huffy” coat, or layer of 
white cells on the surface of the red cells. 
In this way many white cells may be ob- 
tained for microscopic study, and blasts 
and immature cells are easily found. How- 
ever, the cells in the circulating blood only 
reflect the activity of the tissues in which 
the leukocytes are formed. A biopsy of the 
bone marrow may be obtained by trephin- 
ing the sternum or some other bone. In 
most cases, however, an entirely satisfac- 
tory specimen of the marrow may be 
secured by aspirating the sternal marrow 
with a large needle and making coverslip 
preparations from the aspirated material. 
When the diagnosis is difficult otherwise, 
leukemia may be disclosed by an examina- 
tion of the marrow. In all doubtful cases 
a study of the bone marrow is mandatory. 
Myeloid, lymphoid, and monocytic 
leukemia in which the predominant cell is 
of myeloid, lymphoid, or monocytic origin 
may occur in both acute and chronic forms. 
In 400 cases of leukemia seen during the 
past fourteen years in the hematology 
laboratory at the Cleveland Clinic the 
distribution has been as follows: (i) acute 
myeloid or myeloblastic, 16.5 per cent; 
(2) chronic myeloid, -24.7 per cent; (3) 
acute lymphoid or lymphoblastic, 15,3 
cent; (4) chronic lymphoid, 29.5 per cent, 
and (5) acute and chronic monocytic, 14 
per cent. The disease is much more prev- 
alent in men than in women. Sixty-one 
per cent of the 400 cases were men. Persons 
of every age are affected. In our series the 
ages varied from three and a half months 
to seventy-eight years. 

Since lymphoid and reticuloendothelial 
cells are scattered throughout the body 
in many different tissues, the hyperplasia 
characteristic of leukemia affects almost 
all organs. Enlargement of the 
glands, spleen, and liver is common. The 
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bone marrow is hyperplastic and accord- 
ingly is hypertrophied. The wide distribu- 
tion of the disease is largely responsible for 
the widely varying clinical picture. Im- 
mature white cells may infiltrate any 
organ. 

Toxemia is characteristic of leukemia, 
and certain symptoms are typical of 
toxemia. The more important are fever, 
loss of weight, sweating, anorexia, malaise, 
and joint symptoms. The exhaustion so 
common in all types of leukemia is due in 
part to toxemia and in part to anemia. In 
most cases the anemia seems to be due to 
overcrowding of the marrow spaces by 
leukopoietic overgrowth, thus preventing 
normal red cell formation. Toxemia by its 
depressing effect on the bone marrow, 
however, is often a factor in the anemia. 
Especially in acute cases the marrow 
may be even aplastic although immature, 
making the differentiation of primary 
aplastic anemia and leukemia most diffi- 
cult. The aplasia can be explained only on 
the basis of the effect of toxemia on the 
bone marrow. 

Anemia, hemorrhage, and infection are 
very common in leukemia. These result 
from the characteristic toxemia and in- 


cytosis of leukemia is not ade(^uately 
explained. An increased size of red cells is 
looked upon as indicating a deficiency in 
supply or lack of use of the erythrocyte- 
maturing factor present in liver extract. 
In leukemia the supply of the specific 
maturing factor is evidently adequate, 
since the anemia is not influenced by 
giving more of the specific maturing 
principle. The disease probably inter- 
feres with utilization of the erythrocyte- 
maturing substance in the bone marrow. 
At times the anemia is hemolytic. The 
platelet count is very variable. This may be 
very high in chronic myeloid leukemia, but 
in acute leukemia the number of platelets is 
often so greatly reduced that thrombopenic 
bleeding occurs. The thrombopenia may be 
due to crowding out of the megalokaryo- 
cytes in the marrow or to depression of 
marrow function by toxemia. 

Hemorrhage is a frequent symptom in 
leukemia. In about lo per cent of the 250 
patients abnormal bleeding was the most 
important symptom. The tendency to ab- 
normal bleeding is due to platelet defi- 
ciency, to increased permeability of the 
vessels without thrombopenia, or to a com- 
bination of these two factors. Abnormal 


filtration of tissues. 

Rarely does a patient have active 
leukemia without anemia. A hemoglobin 
as high as 80 per cent was found in only 
24 of the 250 patients studied. Only 3 
patients with acute leukemia had a normal 
hemoglobin. Most of the patients without 
anemia had chronic lymphoid leukemia. 
The anemia is due to a depression of bone 
marrow by the toxemia and an actual 
crowding out of red cells by the overgrowth 
of white cells in the marrow. The charac- 
teristic symptoms are weakness, dyspnea, 
and pallor. 

The anemia may be of any type. Seldom, 
tow ever, is a marked microcytic or hypo- 
chromic anemia encountered, unless blood 
OSS las been severe. In many cases the 
anemia IS definitely macrocytic, especially 
m the leukopenic patient, and pernicious 

nemia may be suspected. The macro- 


oieeuuig IS euniinuniy manuestea as pete- 
chiae, especially in acute leukemia. Gross 
bleeding, such as in the brain or from the 
intestinal tract, is not uncommon. Cerebral 
hemorrhage is a frequent cause of death in 
chronic myeloid leukemia, in which the 
number of platelets is usually increased. 

Infection occurs frequently in acute leu- 
kemia in which leukopenia is very com- 
mon, and the number of mature poly- 
morphonuclear cells in the blood and tis- 
sues is greatly reduced. When normal body 
tissues come in contact with bacteria, infec- 

^ decrease in defense 
cells. The more common sites are gums 
tonsils, and rectum. Both infection and 
toxemia are responsible for the fever, which 
IS s^lrnost 3.1w3,ys present. 

The clinical picture in all types of leu- 
keraia vanes greatly owing to widespread 
mvolvementof almostall tissues of the body 
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and to the effects of toxemia. The acute 
leukemias run a rapid course. The white 
cells in the blood are very immature. Often 
most of the cells seen in a stained film are 
blasts. A detailed analysis has been made* 
of 50 patients in each of the types of leu- 
kemia, (i) acute lymphoid or lymphoblas- 
tic, (2) acute myeloid or myeloblastic, 
(3) chronic lymphoid, (4) chronic myeloid, 
and (5) monocytic. 

Acute lymphoid leukemia occurs prin- 
cipally in children. Two-thirds of the pa- 
tients in this group were under ten years of 
age. The disease is rare in older persons. I 
have been impressed with the frequency of 
skeletal pains in acute lymphoid leukemia. 
Several patients had a definite arthritis. 
One boy of seven had marked swelling of 
an ankle and intense pain in the legs. In- 
volvement of most of the large joints con- 
fined him to bed for two months before ad- 
mission. The arthritis was associated with 
fever and anemia. The outstanding clinical 
characteristics of the acute lymphoid 
group, however, are anemia and weakness 
and an abnormal tendency toward bleed- 
ing usually manifested by easy bruising. 
The spleen was enlarged in most of our 
cases. Often enlarged glands were com- 
plained of, but the enlargement was min- 
imal. Perhaps this group conformed more 
closely to the textbook description than 
any of the other groups. When a child pre- 
sents fever, anemia, easy bruising, and en- 
larged glands and spleen the diagnosis is 
usually acute lymphoid leukemia. Here 
again leukopenia is common, although very 
high counts are observed also. The anemia 
is usually severe. It is seldom macrocytic 
and often microcytic. 

Acute myeloid or myeloblastic leukemia 
has much in common with the acute lymph- 
oid type. The patients in this group were 
older, all decades from the first to the 
seventh being represented. Only 6 patients 
were under ten; the other cases were quite 
uniformly spread over the ten to seventy 
year interval. The presenting complaints 
were perhaps the most varied of all groups. 
Among these were “chills and fever,” “big 


spleen,” “swelling of the face,” “stomach 
trouble,” “sore throat,” “weakness,” “per- 
nicious anemia,” “muscle and joint pains,” 
“I can’t eat,” and “fever.” Actual joint in- 
volvement is much less common than in the 
acute lymphoid type. The outstanding clin- 
ical features are anemia and fever. Abnor- 
mal bleeding may be prominent but is in- 
frequent. Infection is not so common as it is 
in the monocytic group. Necrosis occurs but 
is uncommon. The leukocyte count is sel- 
dom high. Two-thirds of this group of 50 
patients had a total leukocyte count under 
10,000. In 3 cases no myeloblasts could be 
found in the blood, although the marrow 
showed the typical picture of acute myelo- 
blastic leukemia. Less than half the pa- 
tients had a palpable spleen. At times there 
was some general glandular enlargement. 

In many instances chronic lymphoid leu- 
kemia is mild and runs a prolonged course, 
although here as always the disease ends 
fatally. It is a disease of older persons, I 
have never seen this type in a young per- 
son. Eighty-eight per cent of the patients 
in this group were over fifty years of age; 
only 3 were under forty-five. Often no 
blast cells were seen. Usually fragile cells 
or smudges were present and probably 
represented immaturity. Even in the mild 
chronic cases the bone marrow showed a 
high proportion of lymphoid cells. The total 
leukocyte count was usually high. Only i 
patient in this group had a count less than 
10,000. Many patients had no anemia. This 
is tile only type of leukemia which persists 
for any length of time without the develop- 
ment of anemia. 

The clinical symptoms in chronic lymph- 
oid leukemia also are often mild. En- 
largement of glands and spleen may be the 
only abnormality complained of by the pa- 
tient for a long time. Most patients who 
have had leukemia for any length of tirn^ 
belong in the chronic lymphoid group. This 
type not infrequently has been an in- 
cidental finding in the examination of pa- 
tients for other conditions. Patients enter- 
ing the Clinic for chronic cough, intis, 
abdominal pain, rheumatism, pain in the 
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legs, headache, leukocytosis, bladder trou- 
ble, constipation, and “sick spells have 
had chronic lymphoid leukemia. In most 
cases the .outstanding clinical feature was 
enlarged glands or spleen. Weakness was 
relatively uncommon. Infection as a com- 
plication was seldom encountered. 

Chronic myeloid leukeinia is character- 
ized principally by weakness. This is 
partly due to anemia, which is almost al- 
ways present, but the toxemia character- 
istic of the disease is also an important 
causal factor in the exhaustion. Many pa- 
tients were concerned about an enlarged 
abdomen resulting from a marked splen- 
omegaly. Fever is very common and was the 
presenting complaint in several instances. 
One patient was confined to a tuberculosis 
sanatorium for months because an acid- 
fast infection was suspected when the fever 
was really due to leukemia. The tendency 
to bleed is greater in the chronic myeloid 
than in the chronic lymphoid type, prob- 
ably because of the more severe toxemia. 
Here the abnormal hemorrhage is not due 
to thrombopenia but to the toxemia effect 
of the disease on the endothelium of blood 
vessels. Usually the platelet count is high. 
Hemorrhage is not infrequently the cause of 
death. Infection is uncommon. In this 
group the patients’ ages varied from two 
and a half to seventy-six years. Most pa- 
tients were in the middle age group. In 
only 3 instances was the total leukocyte 
count less than io,ooo. Usually the total 
count is high, and in over half the patients 
the count was above 100,000. Blasts were 
found in most cases. 

The clinical picture of monocytic leukemia 
is more varied than that of any other group. 
Patients with monocytic leukemia com- 
plained most frequently of anemia or of 
weakness due to anemia. Anemia and weak- 
ness was the outstanding clinical feature in 
19 of the 50 patients in this group. Fever 
alone or with anemia was also a prominent 
eature of the disease and was often associ- 
generalized body aching. Twp 
ot er prominent symptoms were various 
t>pes of infection and abnormal bleeding. 
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The infection most often involves the buc- 
cal tissues, so that the diagnosis can fre- 
quently be made from the condition of the 
gums and other tissues of the oral cavity 
alone. Hypertrophy of the gums is espe- 
cially characteristic and may progress very 
rapidly, usually with necrosis. The necrosis 
may become chronic and persist for months. 
Other patients with equally typical mono- 
cytic leukemia, as far as the hematological 
diagnosis is concerned, may never have in- 
fection of any kind. Abnormal bleeding 
may be very severe and difficult to control. 
It is most likely to occur in patients with 
evident toxemia as manifested by fever and 
anemia and may progress rapidly. Bleeding 
here is usually the result of thrombopenia. 

One patient was admitted recently to 
the dermatological service with multiple 
skin ulcerations previously diagnosed and 
treated as furunculosis. Leukemia was not 
suspected until the blood examination 
showed 20,000 leukocytes with many mono- 
cytes and monoblasts. Sternal puncture 
revealed a hyperplastic marrow with a 
great excess of monocytes. Severe anemia 
was present, and the patient had a per- 
sistent fever. Biopsy of a local lesion con- 
firmed the diagnosis of monocytic leu- 
kemia. Another patient who had only a 
marked anemia during the course of his 
disease lived several years with multiple 
transfusions. There was no leukocytosis, al- 
though a high proportion of the cells were 
monocytes. The anemia was always macro- 
cytic. Many other equally unusual clinical 
histories could be detailed. 

The leukocyte count in monocytic leu- 
kemia is seldom high. Sixty per cent of the 
patients in this group never had a count 
above 10,000, and only 3 patients had a 
count above 100,000. The anemia was 
macrocytic in almost one-half the cases in 
which the volume index was measured. The 
youngest patient I have seen with leukemia 
wus three and a half months old and had 
the rnonocytic type. One-half the patients 
m this group were over forty-five years of 
age.- 1 he spleen and glands were seldom en- 
larged. In some cases blasts were never seen. 
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SUMMARY 

Leukemia is a disease of the leukopoietic 
system ciiaracterized by the loss of normal 
physiologic control of leukocyte formation. 

Normally there is active orderly growth 
of white cells in the marrow, spleen, lymph 
glands and reticuloendothelial system. 
Only mature cells reach the blood stream. 

In an acute need for defense against in- 
fection and toxemia the leukopoietic tis- 
sues can supply enormous numbers of ma- 
ture cells. The hyperplasia, however, is still 
under normal physiologic control. 

Normally five to ten billion polymor- 
phonuclear cells and an equal number of 
lymphocytes are supplied daily. If needed, 
many times this number can be supplied. 

In leukemia there is a disorderly over- 
growth of leukopoietic tissues suggesting a 
neoplastic process. This is due either to 
some unknown stimulation or to a loss of 
normal physiologic control. 

Leukemia is a generalized disease and 
may affect any part of the body. It is char- 
acterized primarily by toxemia and cellular 
infiltration of organs and other body tis- 
sues. 

The bone marrow is always involved. It 
is usually hyperplastic but may be aplastic 
though immature. 

The typical blood finding is leukocytosis 
with immature cells such as myeloblasts, 
myelocytes, lymphoblasts, monoblasts, and 
intermediate cells in the circulation. 

Leukocytosis is, however, often absent, 
especially in the acute types. In the 400 
patients the leukocyte count was below 
10,000 in one-third of the patients. In 100 
patients with acute lymphoid or acute 
myeloid leukemia the count was below 
10,000 in over one-half the patients. 

Anemia is almost always present, and 
thrombopenia is common. 

The signs and symptoms of leukemia are 
principally the result of anemia, hemor- 
rhage, and. infection due to toxemia and 
cellular infiltration. 

The greatest variety of clinical pictures 
is encountered, so that little is character- 
istic of a patient with leukemia. 


lymphoid leukemia is a disease of 
childhood. Anemia, bleeding, and arthritis 
are common symptoms. 

y/eu/e myeloid leukemia occurs in all ages 
and presents the greatest variety of symp- 
toms and clinical findings. 

Chronic lymphoid leukemia is often a very 
mild disease and runs a moderate though 
fatal course. Enlargement of glands and 
spleen is the outstanding feature. 

Chronic myeloid leukemia is character- 
ized by a marked toxemia causing almost 
constant fever and anemia. 

Oral infections with hypertrophy of the 
gums are prominent symptoms in mono- 
cytic leukemia. The spleen is seldom palpa- 
ble. The leukocyte count is usually not very 
high. The anemia is often macrocytic. 

Cleveland Clinic, 

Cleveland 6, Ohio 
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DISCUSSION OF PAPERS BY DR. WIDMANN 
AND DR. HADEN 

Dr. Robert S. Stone, San Francisco, Calif 
It has been very interesting and instructive to 
listen to these papers on leukemia, since we 
radiologists must understand it both from the 
point of view of how to diagnose and treat it 
and from the point of view of its development in 
ourselves. 

I was glad to hear Dr. Widmann bring out 
the fact that sometimes patients are overtreated 
and it would be better if we used smaller doses. 

I think that may be one thing that radiophos- 
phorus will teach us, that it is possible to con- 
trol some leukemias with smaller doses of radia- 
tion than are frequently used and that we 
should try to control them with the lowest pos- 
sible dose. 

An interesting point brought out by Dr. 
Haden is that one-third of the leukemic pa- 
tients that he has treated did not have-clevate ^ 
white blood cell counts. We hear so frequent ) 
that the amount of radiation we give should e 
controlled by the white blood cell count, t. 
Widmann, I think, emphasized the point t at 
we must regulate our treatment by .the type 0 
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symptom that the patient has rather than by 
the white blood cell count, and when you review 
charts such as he showed of the white blood 
cell count and the roentgen therapy, there may 
be no coordination between them at all because 
the treatments were given to control the symp- 
toms and not to bring down a high white count. 

I believe it is possible to cause leukemia by 
irradiation, and it therefore behooves us to 
watch more carefully the exposures that we are 
getting, that our technicians are getting and 
that industrial radiographers are getting if %ye 
wish to keep down the incidence of leukemia in 
those working with radiations. 

Dr. U. V. PoRTMANN, Cleveland, Ohio. It is 
astonishing that many radiologists have for- 
gotten the different types of normal blood cells, peated as indicated by the blood count, and 


Dr. Widmann and Dr. Stone gave timely 
warning that the dosage of roentgen radiation 
given at one time should be small. 

Dr. Henry J. Ullmann, Santa Barbara, 
Calif. There are one or two points in Dr. Wid- 
mann’s paper that I wish to discuss, and with 
which I heartily agree. One is the question of 
producing irradiation sickness referred to every 
once in awhile in articles on leukemia. I, per- 
sonally, cannot see the slightest excuse for mak- 
ing any patient with leukemia sick with the 
roentgen ray. If one does so, too much has been 
given. 

A point that I have never heard spoken of is 
what I call “coasting.” My method is similar 
to Dr. Widmann’s: that is, small doses re- 


the forms present in the leukemias, and the 
anatomic location of the principal hemocyto- 
poietic tissues. This is one reason why Dr. 
Haden was asked to review this whole subject 
for us in twenty minutes. He has done so ad- 
mirably, and I am sure we have all profited. 

Dr. Widmann, in a comprehensive manner, 
statistically reviewed his results in the treat- 
ment of leukemias and came to the conclusion 
that longevity is increased by roentgen therapy 
but pointed out also that longevity is not the 
only criterion for evaluating results. 3 Ve often 
gain the impression clinically that many pa- 
tients with leukemias given roentgen therapy 
live longer than they might if not treated. Also 
economic usefulness is undoubtedly prolonged 
and morale improved; therefore, we should not 


if I am treating every day with, let us say, 50 r 
(and when I use the term r it means total skin 
dose, or r on the skin), a count is made each day 
before the treatment is given. This is important, 
because after a patient’s blood count begins to 
fall, it may continue to coast downward, in 
some instances for several days, and if one is 
treating a patient with only a 10,000 to ia,ooo 
white blood cell count, one must watch for that 
“coasting.” 

I am tremendously interested in the total 
polymorphonuclear count in these patients, for 
I treat a leukemic with very minute doses, even 
as low as 25 r, measured on the skin, when the 
count is as low as 6,000, if the total poly- 
morphonuclear count is very low or absent, 
ana moraie improveQ; tneretore we strouW not ,he immediate danger of a ter 

be discouraged about the results of roentgen infection. C.on^e.cel^. T 

tnerapy for these incurable diseases. 


Dr. Widmann also pointed out that we should 
not attempt to establish routine methods of 
treatment but should consider patients indi- 
vidually. In my opinion this is most impor- 
tant. We should take into consideration the 
blood picture, the condition of the bone mar- 
row, and the general condition of each patient 
as indicative of when and how much treat- 
ment should be given. 

Some radiologists believe that irradiation is 
contraindicated when the white blood cell 
count is less than 40,000. We have not hesi- 
tated to treat patients with what is called a 
leukemia, depending 


minal infection. Conversely, I might not treat 
a patient who felt perfectly well with a count 
of O-SyDOO if there were plenty of polymorpho- 
nuciears. 

At the meeting of the American Medical Asso- 
ciation in t94® Hr. Forkner spoke of a thrombo- 
cytopenia being produced by roentgen irradia- 
tion. I have never heard of it. I would consider 
such a result the sequence of gross overdosage 
or recklessness. The platelets usually rise as the 
red blood cell count rises. 

Dr. \y, Edward Chamberlain, Philadel- 
phia. I just want to ask Dr. Haden to com- 
ment upon the difficulties that we have been 


■'^utwemia, depending more upon the tvoes of havincr m we nave Deen 

cl foun'd b .heKhan^o: S “““ 

Jc number. As Dr. Haden stated, we hLe myelLnous ^^kemia of the 

counf patients with white blood cell haVe a great leal If hematologists seem to 
counts of less than 10,000. ,„p ^ ^ [ difficulty m this regard and 

of '»>i tho feeling ,Kat perhaps all 
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the acute leukemias would have to be grouped 
together with a big question mark as to how 
many of them are of the lymphocytic group 
and how many of them are of the myeloid 
group. 

Dr. Erich M. Uhj.mann, Chicago. It seems 
that we are a)) agreed that in dealing with 
leukemia the patients and the disease have to be 
treated and not the white blood cell count or 
any other symptom. On the other hand, labo- 
ratory tests may be of importance in timing the 
treatments better than it would otherwise be 
possible. In the past five years we have utilized 
the determination of the basal metabolism rate 
for such purposes. It is not a new discov'ery but 
it has been known for over forty years that the 
basal metabolism may be elevated in leukemic 
patients. In our material this is true in over 
60 per cent of all patients treated for lymphatic 
or myelogenous leukemia. If the basal metabolic 
rate is elevated, its repeated determinations 
may be used as an excellent index to begin and 
terminate treatments. I will give you an illus- 
tration. 

In 1939 a patient previously treated for lym- 
phatic leukemia presented himself for follow-up 
examination. He was at that time in excellent 
health, had a white count of 14,000 cells, a nor- 
mal differential count, no lymphadenopathy, 
and no other clinical signs of leukemia. A rou- 
tine determination of jiis basal metabolism, 
however, revealed a rate of 69 per cent. Since 
the patient felt perfectly well, the possibility 
of an error was considered, and the test was re- 
peated one week later. The second determina- 
tion showed 71 per cent, and the patient was 
kept under close observation. Check-ups on the 
basal metabolic rate at weekly intervals showed 
no change, but four weeks after the first test, 
generalized lymphadenopathy developed, the 
patient grew continuously weaker, and within 
two more weeks the white blood cell count rose 
to 160,000. Following roentgen therapy insti- 
tuted at that time, the basal metabolic rate 
dropped within three weeks to 16 per cent, 
the white blood cell count decreased to 120,000, 
but the lymphadenopathy showed little change. 
Roentgen therapy was then discontinued in 
order to observe the course of the disease. 
Within one month, the white blood cell count 
dropped to 18,000 and all clinical symptoms dis- 
appeared. 

We have observed similar occurrences in 
about 20 patients since that time, a number of 


whom were reported before the Radiological 
Society of North America two years ago. These 
patients have been followed now over a five 
year period and of the reported group, none 
have died during this time. This may, of course, 
be only a coincidence but it might also be at- 
tributed to the fact that these patients were 
treated with extremely small amounts of radia- 
tion which were sufficient to control the disease 
and not too high to render the patients re- 
sistant to repeated roentgen treatment. 

Dr, Charles L. Martin, Dallas, Texas. 
Will Dr. Haden be good enough to discuss the 
condition known as agnogenic myeloid hyper- 
plasia? I have never made this diagnosis, but 
several authors have stated that it can be con- 
fused with leukemia, and that the use of roent- 
gen therapy may be disastrous. 

Dr. Haden (closing). There are two or three 
things to be emphasized again. One is that 
leukemia is not a disease of, the circulating 
blood; it is a disease of the leukopoietic system. 
This is the reason I object very much to gaug- 
ing treatment entirely on blood studies because 
you need all the information possible concerning 
the entire leukopoietic system. 

Take for instance the cases of Dr. Portmann. 
A leukopenic leukemia with a marked hyper- 
plasia of the marrow should be treated as vigor- 
ously as if the person has a count of a million 
white cells. What you are treating is the hyper- 
plasia in the marrow, not the cells that have 
actually got into the blood stream. 

One important point has not been mentioned 
— about the time to start treatment. I am an 
internist and not a radiologist, but I think it is 
a great mistake to treat patients with leukemia 
by irradiation too early. Many patients can be 
carried on easily for quite a long time before 
irradiation is begun. ^ 

It makes no difference how high a persons 
white blood cell count is. The treatment is not 
curative. You are trying to make the patient 
have a feeling of well being. 

So much in leukemia depends upon the tox- 
emia, of which anemia is probably the best in- 
dex. A progressive anemia is always an indica- 
tion for more aggressive treatment. Many 
hematologists would much rather know what 
the hemoglobin content is rather than the white 
blood cell count in treating leukemia. 

Determination of the basal metabolic rate has 
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not helped us much in managing leukemia. A 
leukemia may be very active without a high 
metabolic rate. 

Dr. Chamberlain has asked how to differenti- 
ate acute lymphocytic leukemia and acute 
leukemia of the myelogenous group. That is a 
very embarrassing question for a hematologist, 
but in most cases if one sees the patient from 
both the blood and clinical standpoint (and it 
has been my good fortune to see them in both 
the laboratory and in the clinic), one can usu- 
ally be fairly sure whether the disease is lymph- 
oid or myeloid in origin. The general pattern 
of the cells present helps greatly. An immature 
cell is a lymphoblast, a myeloblast, or a mono- 
blast. What kind of company does that cell 
keep.? One can usually tell by the bone marrow 
findings and other cells present the origin of 


the immature cell better than by the character- 
istics of the individual cell. 

Dr. Martin asked about agnogenic myeloid 
hyperplasia. After all, the marrow is a very 
hyperactive part of the body. Think of the bil- 
lions of white blood cells that are formed every 
day, the great speed with which they are cir- 
culating and being destroyed! Agnogenic mye- 
loid hyperplasia is a terminal state in which the 
normal physiologic control is lost and abnor- 
mal cells get into the circulation. This is not 
leukemia, and there is no reason whatsoever to 
treat such cases as leukemia. 

I wish very much that the word “aleukemia” 
were dropped entirely from the terminology of 
hematology. Cases so designated are really ex- 
amples of leukopenic leukemia. Why call them 
aleukemia? 
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LTHOUGH coccidioidomycosis in its 
malignant disseminated form was 
recognized as a clinical entity as early as 
1S92 by Wernicke and Posadas of Argen- 
tina, it is only in the past decade that the 
far more common benign or “primary” 
form of disease has been recognized. For 
many years it had been known that the 
incidence of erythema nodosum was much 
higher in the San Joaquin Valley of Cali- 
fornia than in other parts of the country. 
When associated with an influenza-like 
respiratory infection the disease was vari- 
ously referred to as San Joaquin Valley 
fever, vallej’ fever, desert fever, or desert 
rheumatism. All patients were thought 
to recover. In 1935 Gifford’* and Dick- 
son® were able to demonstrate that Coc- 
cidioides umiitis was the causative or- 
ganism in this disease. Dickson thereupon 
suggested that the name “coccidioido- 
mycosis” be employed for both forms of 
the disease, classifying as primary, the 
acute initial infection, and progressive or 
secondary, the classical coccidioidal granu- 
loma. 

Up to 1936 the total number of cases of 
coccidioidomycosis reported in California 
was only 450 of whom 224 had died. Yet 
Dickson found by sending a questionnaire 
to 75 physicians practicing in the San 
Joaquin Valley that a total of JS4 patients 
with valley fever associated with erythema 
nodosum had been seen in the previous 
eighteen months (January, 1936-May, 
1937). All but one of these patients had 
recovered spontaneously. In a similar 
period (December, 1937-May, 1939) Dr. 
Charles E. Smith of Stanford, investigating 
the disease in Kern and Tulare counties, 
saw 432 cases of acute coccidioidomycosis 
with erythema nodosum or erythema 
multiforme. The illness in every case was 
associated with either a positive sputum 


culture or a positive coccidioidin skin test. 
Gifford and her associates found by testing 
2,718 school children in Kern County that 
55 per cent gave positive coccidioidin skin 
tests. The percentage rose from 17 percent 
for those of less than one year residence 
in the county to 77 per cent for those 
having lived in the county ten years or 
more. In one group of 143 positive reactors 
only 4 gave a history of erythema nodosum; 
in another group, only one of 76 positive 
reactors had had erythema nodosum. Smith 
calculated on this basis that the 432 cases 
with erythema nodosum that he had seen 
must have represented some 8,000-10,000 
infections. Thus, a high incidence of cocci- 
dioidal infection of the population, par- 
ticularly of the sublinical type, was demon- 
strated in this endemic area. 

With the advent of war and establish- 
ment of Army Air Fields throughout the 
endemic Southwest, the military implica- 
tions of coccidioidomycosis were quickly 
appreciated, and a control program was set 
up under the Army Air Forces Western 
Flying Training Command. It was decided 
to skin test all new personnel arriving at 
Army Air Fields under this command. 
Negative reactors were retested six months 
later. Chest roentgenograms on positive 
reactors were carefully rechecked for any 
CA'idence of the disease. In addition, a 
syllabus on coccidioidomycosis was pre- 
pared and distributed in 1942 to all Army 
Air Fields in the Western Flying Training 
Command. All Medical Corps officers of 
these Fields were alerted to recognize the 
disease. As a result, several hundred clinical 
cases were discovered, as well as several 
thousand subclinicai cases having a positive 
coccidioidin skin test. All clinical cases were 
hospitalized until evidences of activity had 
disappeared. Ail were checked periodicsli) 
by roentgenograms. In most cases, the 
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acute febrile illness was self limited and of 
short duration, but a small percentage of 
infections persisted for many weeks or 
months, and a few terminated fatally. 
Patients whose infections were unusually 
prolonged or severe were generally trans- 
ferred to the Santa Ana Army Air Base 
Regional Hospital for further observation 
and care. This group forms the basis of the 
present study. 

ETIOLOGY AND EPIDEMIOLOGY 

The causative organism was at first 
thought to be a protozoan. Rixford and 
Gilchrist, in reporting the first a California 
cases in 1896, so described it. In I900, how- 
ever, Ophuls and Moffitt were able to 
demonstrate its fungus nature. The name, 
Coccidioides immihs, suggested in 1896 by 
Dr. Charles Warded Stiles then of the 
Bureau of Animal Industry, was retained 
nevertheless. 

In its parasitic stage, as seen in tissue 
sections, the organism is a spherule 5 to 
80 or more microns in diameter with a 
thick double contoured refractile capsule. 

It enlarges as it matures, and its granular 
protoplasm breaks up into a large number 
of endospores which are released when the 
spherule bursts. The released endospores 
then enlarge independently to form mature 
spherules, thus repeating the cycle. 

The vegetative phase appears as a 
cottony white fungus which grows with 
great freedom on many media. It re- 
produces by budding and fragmentation of 
the mycelia. Although it is readily cultured 
in the laboratory, little is known of its 
occurrence in nature. It is generally as- 
sumed that the fungus grows in the soil or 
on vegetation during the rainy season and 
that during the dry season the chlamydo- 
spores break from the fungus and are 
scattered with the wind. This theory is in 
accord with the known seasonal incidence 
of the disease which is lowest during the 
raiip' months of December to May and 
^ghest during the dry months of August to 
Uctober. 1 hose whose work brings them in 
cose contact with the soil are most apt 


Pulmonary Coccidioidomycosis 

to become infected, such as farmers, fiuit 
and cotton pickers, linemen, well diggers, 
and others. Davis, Smith and Smith® re- 
ported a group of seven Stanford students 
who developed the disease after digging 
out a rattlesnake in the Panoche Valley. 
Coccidioides was recovered from the soil of 
the rattlesnake nest. Emmons^® suggests 
that small rodents such as pocket mice and 
kangaroo rats may be an important natural 



Fig. I. Acute pneumonic type of coccidioidomycosis, 
lower right lung; complete resolution within three 
weeks. Symptoms: malaise, mild substernal pain, 
cough. Temperature 99-100° F., six days. Leuko- 
cyte count 8,700, with neutrophils 78 per cent, 
eosinophils ^ per cent. Sedimentation rate 50. 
Coccidioidin test positive. 

reservoir for the disease. In a high per- 
centage of these animals coccidioidal or- 
ganisms could be isolated from the charac- 
teristic nodular lung foci. 

All observers are agreed that direct per- 
son to person transmission of the disease 
does not occur. The disease is acquired 
almost solely by inhalation of air con- 
taminated by chlamydospores. Rarely, 
direct infection through abrasions of the 
skin have been reported, but no case of 
infection via the gastrointestinal tract has 
been recorded. 

The disease is endemic throughout much 
ot the and Southwest including the great 
central valley of California (the San 
Joaquin) especially south of Fresno, the 






Fig. 2. jiy coccidioidal pneumonitis, left base. Symptoms; fever, backache, substernal and lower left chest 
pain, five days, asymptomatic thereafter. Coccidioidin test positive. Complement fixation test positive 
1 :2. 5 , nodular coccidioidal focus with small central cavity, left base, at site of pneumonitis shown in 
//, twelve days later. Patient asymptdmatic. Lesion unchanged over a three and one-fourth month period 
of observation. 

whole of Arizona but especially the regions cant in differentiating the disease from the 
about Phoenix and Tucson, Southwest more common respiratory infections, is the 
Nevada, and parts of New Mexico and occurrence of chest pain in a very high 
Western Texas. Sporadic cases have been percentage of individuals (87 per cent of 
reported from the Midwest, Idaho, Utah, one series of 30 acute cases). This varies 
the Chaco region of Argentina, Bolivia, from a dull constricting substernal type 
Paraquay, Brazil, Northern Mexico, Hawaii to a very sharp knife-like pain which may 
and Italy. suggest coronary occlusion or even frac- 

tured ribs. Tenderness to pressure is often 
.^CUTE PRIMARY COCCIDIOIDOMYCOSIS encountered over the painful area. The 

After a period of ten to fourteen days temperature is of a spiking type with after- 
following inhalation of air contaminated noon rise, usually to 100° to 102° F. The 
with coccidioidal spores, the patient may, white count is elevated in most cases 
or may not, have clinical symptoms. Most averaging 10,000 to 12,000 (6,000-16,000), 
residents of endemic areas never develop the neutrophil percentage is mildly m- 
symptoms of any kind, the only evidence of creased and eosinophilia of 3 to 15 per cent 
the disease being a positive coccidioidin may be present. Usually after three to ten 
skin test. Others develop an acute febrile days the temperature falls to normal, and 
illness often misdiagnosed as a severe the patient feels well except for weakness 
“cold” or “flu” or “pneumonia.” The and perhaps residual chest pain. Then, one 
patient complains of backache, headache to two weeks later, painful nodules may 
or general aching, of marked weakness, loss develop on the shins and elsewhere charac- 
of appetite and various indefinite gastro- teristic of erythema nodosum. In other 
intestinal disturbances. Cough begins early cases, macular, papular or vesicular lesions 
and is usually of a dry irritating type, but of erythema multiforme may appear. Acute 
small amounts of sputum may be raised. A arthritis and conjunctivitis are often as- 
naost striking feature, and especially signifi- -sociated with these allergic skin manifesta- 
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tions. The skin lesions are said to occur in 
2 to 5 per cent of all cases,-® but the inci- 
dence is evidently much higher in clinically 
diagnosed cases (19 per cent of 85 cases 
reported by Goldstein and MacDonald’®; 
17 per cent of our series). Following the 
acute illness the patient frequently feels 
weak and easily fatigued for many weeks or 
months thereafter. 

A roentgenogram of the chest taken at 
the time of hospital admission will show 
characteristic roentgen findings in at least 
4 out of 5 patients. Infiltrations vary in 
extent from the slightest fuzzy thickening 
of hilar shadows to extensive consolida- 
tions occupying one-third to one-half a 
lung field. These infiltrations are mostly 
unilateral, homogeneous, usually hilar or 
basal in location and show little tendency 
to lobar distribution. They vary in density 
from the lightest veil-like haze to con- 
solidations approaching but rarely equal- 
ling that of lobar pneumonia. The appear- 
ance resembles that of the primary atypical 
pneumonias, being more uniform, less 
patch)q more circumscribed than the usual 
bacterial bronchopneumonias. The hilar 
type infiltration resolves most rapidly, usu- 



focus, left mid- 
v.nch.,nged over eight month period of obs 

“'■'.eiyally positive for CocaW, 

tZn ; test positive. Patient as 

pains- occasional sharp left 
pains, leads active, normal life. 



i 10. cuLCJuiujuiii locus, rjgnt apex iin- 

changed over nine and one-half month period of 
observations. Discovered on routine roentgeno- 
gram. Coccidioidin test positive. Occasional chest 
pain, slight cough. 

ally within one to two weeks. The very soft 
parenchymal infiltrations also resolve rap- 
idly and completely, usually by the second 
to fourth week, while the denser consolida- 
tions generally clear more slowly and give 
rise to a rnajority of the persistent infec- 
tions. Mediastinal or hilar adenopathy oc- 
casionally accompanies the more severe of 
these acute primary infections, but when 
It does occur, it is usually transitory and 
mild in degree. Pleural effusion is encoun- 
tered in approximately one-fifth of all acute 
primary cases but ordinarily is so small in 
amount as to scarcely fill the costophrenic 
angle; it resolves rapidly and completely! 

diagnosis 

pci!ds ““■''“Momycosis de- 

1 positive coccidioidin skin 

recovery of the fungus from 
(or, in disseminated cases ^ 
nodes or abscesses). KesseP^^n!!'^^^ 

have shown that the coccidioidinfesttr: 
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high degree of specificity and parallels in 
many respects the tuberculin test in its 
mode of action. A positive reaction indi- 
cates that the patient has had at one time 
a coccidioidal infection, and does not neces- 
sarily imply that a present illness is due to 
this infection. On the other hand, a nega- 
tive test excludes the disease in all but 
terminal cases. 

Serologic tests have proved a very 
valuable aid, both from the standpoint of 
diagnosis and prognosis. Precipitin and 
complement fixing antibodies appear in the 
blood early in the course of the disease. 
Usually in the early stages precipitins are 
present in higher dilution but rapidly 
disappear. The complement fixation titer 
falls oft' more gradually. With resolution or 
focalization of lung infections, complement 
fixation disappears or is present in low 
dilution; with dissemination, the titer 
remains at a constantly high lev'cl or in- 
creases to the “danger” range of 1:64 to 
1:128 or more. 

Recovery of the fungus from the sputum 
is a difficult and tedious process, and in 


acute primary cases the sputum is often so 
scanty as to make this procedure impracti- 
cal. Examination of sputum under a cover- 
sjip in the fresh state is very unsatisfactory, 
since fat droplets and other artefacts may 
readily simulate the organism. Culture on 
Sabouraud’s medium followed by guinea 
pig or mouse inoculation is the only reliable 
method of recovering and identifying the 
organism. 

PERSISTKNT COCCIDIOIDAL INFECTIONS 

In cases with persistent coccidioidal in- 
fections the clinical picture parallels quite 
closely the findings shown by roentgeno- 
gram. Persistent infections may thus con- 
veniently be classified and discussed ac- 
cording to predominant roentgen mani- 
festations, as follows: 

1 . Nodular parenchymal foci. 

2. C}'st-]ike cavities. 

3. Persistent pneumonitis. 

4. Mediastinal and hilar adenopathy. 

5. Pleural effusion. 

6. Miliary lung involvement, metastatic 



Fig. 5. A, coccidioidal pneumonitis, right mid-lung. Infiltration had largely but not comp e e > * ^ 

roentgenograms taken two weeks later. No further roentgenograms were taken until ten mon 
coccidioidal cavity, right mid-lung, at site of pneumonitis shown in A, pvelve and one-ha m 
Cocchiioides inmitis recovered from the sputum. Coccidioidin test positive. 
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Fig. 6. A. coccidioidal cavity, right subapex, discovered on routine roentgen examination. Patient asympto- 
matic. Coccidioidin test positive. B, coccidioidal cavity shown in A beginning to disappear eight months 
later. 


bone foci and other evidences of dissemina- 
tion. 

Of 96 cases of persistent infection fol- 
lowed at the Santa Ana Army Air Base 
Regional Hospital for periods of from two 
to twenty-one months, 23 cases were of the 
nodular type, 35 were cyst-like cavities, 

21 were persistent pneumonites, medias- 
tinal adenopathy was predominant in 2 
cases, pleural effusion was outstanding in 
3, and the remaining 12 cases were dis- 
seminated. Only those patients whose 
roentgenograms showed evidence of in- 
fection beyond a two month period, con- 
stituting some 10 to 15 per cent of clinical 
cases, are included in this group of per- 
sistent infections. 

NODULAR PARENCHYMAL FOCI 

The nodular parenchymal foci were dis- 
covered, in a majority of cases, on routine 
roentgenograms. Fifteen of the 23 cases 
of this type were so discovered. Of the 15 
cases, 3 were found on questioning to have 
had occasional chest pains, 4 had felt weak 
and easily fatigued, and the others had 
been symptom free. Eight gave a history of 
an acute febrile illness two to ten months 


previously. Three additional cases were 
discovered by chest roentgenograms taken 
because of patient’s complaint of chest 
pain in 2 instances and abnormal fatiga- 
bility in the other. The coccidioidin skin 
test was positive in all these cases, the 
temperature was normal in all, and sedi- 
mentation rate was mildly elevated in only 
3 cases. Complement fixing antibodies were 
present in low dilution in 2 of 6 cases in 
which it was tested for. 

Only 4 patients were followed directly 
through from a preliminary stage of pneu- 
monitis to nodule formation. In all 4 cases 
the initial acute illness was of relatively 
short duration and comparatively mild 
symptomatically. Temperatures varied 
from 99° to 101° F. and lasted three to 
seven days. Infiltrations, which at first 
were more or less diffuse, tended to round 
out with decrease in size leaving solitary 
well circumscribed nodules at the sites of 
the previous zones of pneumonitis. The 
elapsed time from the initial pneumonitis 
to nodule formation varied from ten days 
to three months, averaging five to six 
weeks. 

The nodules in all but one instance were 





Kig. 7. /f, small coccidioidal focus, left apex, dis- 
covered on routine roentgenogram. Patient prac- 
tically asymptomatic, slight cough. Normal tem- 
perature. Coccidioidin test positive. Complement 
fixation test positive 1 14. Sedimentation rate 
elevated five months, normal thereafter. B, coc- 
cidioidal cavity, left apex, four and three-fourths 
months after Coccidioides mmitis recovered 
from sputum. Patient remained essentially symp- 
tom free, raised small amounts of purulent 
sputum. Temperature normal. Leukocyte count 
5,000 to 11,700, eosinophils ii to 14 per cent. C, 
coccidioidal cavity shown in B much smaller three 
months later. Z), re-enlargement of coccidioidal 
cavity two months after C. E, coccidioidal cavity 
shown in D had disappeared after three weeks. 
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single. They were located in the apical or 
subapical regions in 2, the mid-lung in la, 
the lower lung in 7, and were multiple and 
generalized in one. They averaged 2.0 cm. 
in diameter, varying from 0.8 to 4.2 cm. 
They were strikingly similar in appearance 
to solitary neoplastic metastases, or un- 
calcified primary tuberculous foci. In the i 
case in which multiple nodular foci were 
present thu resemblance to extensive met- 
astatic malignancy was pronounced. In 
this instance, however, each of the nodular 
lesions was preceded by a zone of pneu- 
monitis, and some of the nodules later de- 
veloped central cavitation. 

The period of time that the nodules were 
under observation was insufficient to give 
a clue as to their ultimate fate. Over an 
average observation period of six and one- 
half months (one to nineteen months) only 
a single one of these foci had disappeared, 
four had decreased an average of 3 mm. in 
diameter and the remaining seventeen had 
changed not at all. From other studies, 
however, it is evident that some, at least, 
go on to eventual calcification. Coccidioides 
immitis has been recovered from calcified 
pulmonary nodules at autopsy (Cox and 
Smitffi). Aronson and his coworkers^ found 
^ high incidence of calcified nodules in 
Indian children living near Phoenix, Ari- 
zona, who failed to react to tuberculin but 
did react to coccidioidin. Failure to react 
to tuberculin in those showing calcified 
nodules could not be attributed to anergy 
since m 56 of 62 such persons the tuberculin 
fest became positive one year after the 
jntracutaneous injection of B.C.G. vaccine, 
le inference was strong that these calci- 
ed nodules were coccidioidal in origin. 


COCCIDIOIDAL CAVITIES 

cavities, like the nodu 
rnn^• frequently discovered 

clin;'”^ roentgenograms without pr 

imcal evidence of disease. Thirteen 

tlreT ''"'T "^•"""O'^ored. Five of the 

occTsiorn?^! ^"^stioning to have h 

occas 1 chest pains or had felt weak a 

»"der par. Six additional patients w, 
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discovered to have cavities by roentgeno- 
grams taken because of symptoms of chest 
pain in 3, hemoptysis in 2, and weakness 
and fatigability in one. In ii cases, cavity 
formation was seen to follow directly on a 
preceding stage of pneumonitis. In 5 
additional cases, cavities were observed to 
develop b)'^ central excavation of pre- 
existing nodular foci. 

The acute illness preceding cavity forma- 
tion was generally more prolonged and 



iMG. 8 . Persistent coccidioidal pneumonitis, left apex. 
Lesion discovered on routine roentgenogram. Pa- 
f '‘.^y'T'Proipatic. Temperature normal. Acute 
febrile illness with erythema nodosum, four months 
previously. Coccidioidin test strongly positive. 
Tuberculin test negative. Sedimentation rate lo- 
20. Lesion unchanged over eight and one-half 
months of observation. 


""7 , 7 ''''ses later developing 

noduks. Temperatures varied from 100° to 
103 b . and averaged nine days in duration. 
The acute symptoms of severe malaise, 
cough, chest pain, general aching, and so 
forth, were generally present over a two to 
four week period, subsiding thereafter 
usually coincident with the appearance of 
cavities as shown by the roentgenogram 

ocalized infections is shown by the fart 
that, m the great majority of cases 

and antibodies feppellrrlS'" 

remamtn low dilution soon afct the «vi? 




Img. 9. coccidioidal pneumonitis with mediastinal 
adenopathy. Patient severely ill with general 
aching, sharp chest pain, skin lesions (erythema 
nuiltiforme.^). Temperature 103-105° F. for one 
month, then 99-101° F. for another month. Leuko- 
cyte count 23,350, with neutrophils 42 per cent, 
eosinophils 22 per cent. Complement fixation posi- 
tive 1 132. Sedimentation rate 51. Coccidioides ini- 
mitis recovered from sputum. 

B, infiltration and mediastinal adenopathy 
shown in A have markedly increased after two 
months. Temperature 100° F. Leukocyte count 
13,000, eosinophils 5 per cent. Biopsy of sub- 
cutaneous nodules of shoulders and forearms which 
appeared after one month showed granulomatous 
structure with giant cells and eosinophils com- 
patible with coccidioidomycosis. These lesions 
later gradually disappeared. 

C, infiltration shown in B has markedly re- 
gressed after two months. 

a, re-consolidation of the right middle lobe, 
coccidinidnm-,rr-r,c:<, j /• . . after C, nine months from onset of 

£ SrefoT^ withheadache, chestpain, cough, temperature ioa-io3”F. 
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Fig. 10. massive coccidioidal pleural effusion. Coccidioidin and complement fixation tests positive. Right 
chest pain. B, effusion shown in A has decreased after four months. No parenchymal infiltration demon- 
strated at any time. 



‘■'•riount of coccidioidal pneumonitis at left costophrenic angle and rie-ht i 

^s h mediastinal adenopathy. Negro admitted with complaints of feverishness 
lumps 3-5 cm. m diameter on lower chest, sternum, abdLen and extremities ^ 

Complement fixation titer as high as i : ia8; sedimentation rate as high as oTSrSZT 

from subcutaneous nodules by culture and guinea pig inoculation I evtensd !i recovered 

of Wd" "’edjastinal adenopathy, two months after condition shown in 5 M in- 

of bone destruction in ribs, scapula and humerus. Course steadilv 4 Many punched out foci 

'cig t OSS, occasional headaches, and anorexia to time of death three monthJ'Lm 
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Fig. I a. Massive mediastinal coccidioidal adenop- 
athy. Negro admitted with fever, headache, 
genera! maiaise, anorexia, followed by persistent 
cough, marked weakness and wasting, dull pain 
in mid-chest, and cervical adenopathy. CoccUioiiies 
recovered from cervical nodes. Died in coma seven 
months from onset. Temperature loi-ioj* F., 
leukocyte count 13,000-17,000 with neutrophils 
68 per cent; erythrocyte count 3.6 million, hemo- 
globin 83 per cent. At autopsy necrotic mediastinal 
nodes found to have eroded into esophagus. Also 
involvement of meninges, kidnevs and heart. • 

appears. Moreover, clinical signs of activity 
are usually absent even in presence of con- 
siderable fluctuations in cavity size and 
wall thickness. About half tlie patients, 
however, complain of persistent weakness 
or intermittent chest pain so long as a 
cavity is present. Four of our patients de- 
veloped hemoptysis with their cavities, 
and the fungus was recovered from the 
sputum in 6 of 11 cases in which this pro- 
cedure was attempted. 

Infiltrations preceding cavitation were 
homogeneous zones of consolidation 2 to 
10 cm. in diameter which tended to round 
out with decrease in size prior to excava- 
tion. The average elapsed time from the 
appearance of infiltration to development 
of cavity was three and one-half weeks (ten 
days to eight weeks). Mediastinal adenop- 


athy accompanied 4 of the n precavity 
infiltrations but, in each case, disappeared 
as the cavities developed. 

Cavities were single in every case 
located in the upper lung field in n, the 
mid-lung in 15, and the lower lung field in 
9 cases. Most cavities were of a very thin- 
walled type without surrounding infiltra- 
tion, presenting a characteristic ring-like 
or cystic appearance. Cavities which de- 
veloped through central excavation of 
nodular foci were usually smaller in size 
and thicker walled having a doughnut-like 
appearance. These cavities required an 
average of three months to develop (one to 
six months). 

All cavities were remarkably indolent, 
slow in evolution, and benign in character. 
But minor fluctuations in size and wall 
thickness were recorded in practically all 
cases. In 8, the fluctuations were of such 
degree and occurred so rapidly as to 
strongly suggest ballooning due to air 
trapping. The cavities were followed roent- 
genographically for periods of from one to 
eighteen months, averaging seven and one- 
half months for the group. During this time 
only 10 cavities had disappeared, 6 had 
ended as small nodules and the remaining 
19 were essentially unchanged. 

The manner in which cavities disap- 
peared was of some interest. Often one side 
of the wail would appear to melt away 
leaving a crescentic residuum which then 
gradually resolved. Some of the larger 
thinner walled cavities appeared to collapse 
rapidly over a period of several days either 
to reappear just as suddenly or to disappear 
permanently. Less commonly, the cavity 
gradually diminished in size ending as a 
small nodule. The 19 cavities still present 
after an average follow-up period of seven 
and one-half months were actually slightly 
greater in average diameter (thougr 
thinner walled) than at the time ofinitm 
examination. They varied in size from t to 
8 cm. in diameter, and averaged 2.2 cm. at 
the onset, while at the time of final observa- 
tion, the average diameter was 2.6 cm. 

Most coccidioidal cavities are so chaiac- 
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Fig. 13. A, mediastinal adenopathy with slight hilar infiltration. White patient admitted with mahise he a 
ache and vomiting. Temperature 100° F. Leukocyte count 9,850, with neutrophils 65 per cent' eosinonhiU 
10 per cent. Sedimentation rate 18-57. Coccidioidm test positive. Increasing headache followed 
orientation and mental confusion. B, mediastinal adenopathy and hilar infiltration shown in A h.Z T' 
appeared after two and three-fourths months. Patient died of meningitis one week later three rTonrl!’ 
from date of admission. Mediastinal nodes completely caseous but only slightly enlarged' ^ 


teristic in roentgen appearance that they 
are seldom confused with other conditions 
when occurring in endemic areas. They 
have been misdiagnosed as congenital 
ci'^stSj and in i case a lobectomy was per- 
formed under this impression. Sante and 
Hufford^® have recently described annular 
lung shadows appearing in pyogenic blood 
infections which appear remarkably like 
those of coccidioidomycosis. Three of our 
35 coccidioidal cavities contained fluid at 
intervals, and when fluid containing, were 
surrounded by infiltration. The appearance 
at these times resembled that of lung 
abscesses. Five other cavities which did not 
contain fluid but were surrounded by in- 
nltration at various times could readily 
lave been mistaken for ulcerative tuber- 
cu osis, especially when occurrine in the 
upper lung fields. 


persistent coccidioidal pneumonit: 

primary infiltrati 
‘ either to resolve completely or 
cahze as nodular or cystic lesions dur 
two to SIX week period usually 


quired lor resolution or stabilization. These 
patients, as a group, were clinically severely 
ill with marked prostration, malaise, gen- 
eral aching, usually sharp chest pain, and 
occasionally blood streaked sputum Tern 
peratures frequently reached levels of 
103° to 104° F. during the first several days 
and persisted thereafter at lower levels for 
weeks or months (six days to three months- 
average twenty-nine days). Sedimentation 
rates were elevated to levels of fifteen to 
fifty for one to eight months (four and one- 
ha f month average). Complement fixing 
antibodies were present in dilutions of i •! 
to 1 :32 initially, falling off after two to six 
months, and disappearing in all but the 
most severe infections after six months 

sivi “fe" exten- 

•• i” 7 of 21 cases consolidations or 

ZTf the lung field’ 

half were moderate in extent ^ ■ ’ 

diameter), while in J o7th“ n "SI' 
tions were small in Stoup, infiltra- 

to the hilar rSns 

As might be expected f-br. 
aive denser infiltrations’ were sWrl"’' 

-solve, requiring si. to 
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Fig. 14. coccidioidal infiltration left hilar region. 
Negro admitted with cough, chest pain, malaise, 
sweats. Temperature ioc>-io2‘’F. for three months, 
99° plus thereafter. Complement fixation positive 
in titers as high as i :64 and i :i28. Sedimentation 
rate 24-105. Ji, foci of bone destruction appeared 
in .spine, scapula and elbow two months after onset 
(/•/). .Also developed subcutaneous abscesses at 
right ankle, right thigh, sternum and forehead. 
C, hilar infiltration shown in A has decreased after 
three months in spite of development of dissem- 
inated foci. Subaitaneous abscesses drained and 
now drying up. Temperature 99° F. Outcome un- 
certain. 


J 


to clear, while the smaller hilar infiltrations 
disappeared after an average intenml of 
three and one-half months. In most cases, 
resolution was a very gradual but con- 
tinuous process. Four of the group, how- 
ever, showed exacerbations and remissions 
over periods of from four to ten months. 
In spite of the slow resolution, only i of the 
entire group of ai showed evidence of 
fibrosis; the other infiltrations preserved 
to the very end a soft homogeneous or 
patchy appearance. Mediastinal and hilar 
adenopathy accompanied 6 of the 21 
persistent infections of this group. In these 
cases it was of pronounced degree and 
exceedingly persistent (two to twenty-one 


months: average eight months), often out- 
lasting the parenchymal infiltration. 


MEDIASTINAL ADENOPATHY 

In 2 cases, marked mediastinal adenop- 
athy, was the only roentgen evidence of 
disease. Both might readily have been mis- 
diagnosed as Hodgkin’s disease from the 
roentgenograms alone. The clinical illness 
was moderately severe. Complement fixa- 
tion was present in titer of 1:16 to i' 3 ~y 
and the sedimentation rates were at levels 
of thirty to fifty-four so long as adenopathy 
persisted, which was two and one-half 
months in i case and three months in the 
other. 
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PLEURAL EFFUSION 

Pleural effusion was the outstanding 
characteristic of 3 cases. One of these 
patients, although developing fluid suffi- 
cient to produce complete opacity of one 
side of the thorax, never at any time 
showed evidence of parenchymal infiltra- 
tion. A second developed moderate fluid 
after an initial transitory basal infiltration. 
Fluid persisted with fluctuations^ over a 
fourteen month period, during which time 
the temperature was elevated to 99° to 
100° F. about one-third of the time and the 
titer of complement fixation rose as high as 
111 28 in the range presenting danger of 
dissemination. The third patient developed 
slight pleural fluid in association with a 
coccidioidal cavity. The cavity disappeared 
after four months, but fluid persisted and 
increased, lasting a total of thirteen 
months. The sedimentation rate was ele- 
vated the entire time and was as high as 
thirty-four after eleven months. 

FATAL DISSEMINATED COCCIDIOIDOMYCOSIS 

Cases destined to develop fatal dis- 
semination cannot be distinguished at the 
onset from the usual acute pneumonic 
cases which subside in two or six weeks 


be sharp and pleuritic. Cough is persistent 
and especially troublesome at night. Sub- 
cutaneous abscesses frequently break down 
discharging purulent exudate from which 
coccidioidal organisms are easily recovered. 
Wasting is severe. The temperature re- 
mains elevated during the entire course of 
the disease, usually ranging from 101° to 
103° F., but occasionally reaching levels 
of 104° to 105° F. White blood counts have 
varied from 7,500 to 27,200, averaging 
about 13,000, with neutrophils mildly in- 
creased and eosinophils ranging from l to 
12 per cent. A secondary anemia of varying 
degree has been present in all cases av- 
eraging: hemoglobin 81 per cent, red blood 
cell count 3.8 million. 

The roentgen picture in fatally dis- 
seminating coccidioidomycosis is domi- 
nated by mediastinal and hilar adenopathy, 
parenchymal infiltrations, exclusive of the 
terminal miliary phase, were small in 
amount and limited to the hilar regions in 
7 of our 9 fatal cases. In 4 of the 9, infiltra- 
tion actually decreased during the later 
stages of the disease, and adenopathy 
decreased in 3 cases. Five of the group 
developed miliary seeding throughout the 
lungs during the final three to six weeks of 


leaving no sequelae. Indications of impend- 
ing dissemination are noted when the 
temperature fails to subside, the com- 
plement fixation titer, instead of decreasing 
rises to the dangerous heights of 1:64 to 
1:128 and the sedimentation rate remains 
elevated at ranges of from fifty to one 
hundred. Usually within a few days or 
weeks of the onset of the acute illness, 
evidences of disseminated foci become 
manifest. Subcutaneous fluctuant areas 
I to 4 cm. in diameter may even be found 
at the time of initial hospital admission, 
and occasionally the presenting symptoms 
w'ill be those of meningitis. 

_ After the initial dissemination the course 
IS usually that of progressive quiet cachexia 
to death some two to nine months later, 
i he patient complains primarily of extreme 
weakness and fatigue and chest pain which 
IS apt to be dull and central in type but may 


their Illness, ihis miliary infiltration de- 
veloped, as a rule, much more rapidly, and 
less uniformly, than in tuberculosis and 
often became massively confluent. In- 
dividual miliary nodules tended to be less 
sharply circumscribed, more fuzzy in ap- 
pearance than comparable foci of tuber- 
culosis. Small punched out areas of bone 
destruction in the ribs, scapulae or clavicles 
could usually be found within a week or 
nvo of the appearance of the miliary lung 
involvement. The bone foci were similar 
in appearance to metastatic carcinoma. 

The disease was found to be remarkably 
widespread at autopsy, involving practi- 
cally every organ of the body. Tracheo- 
bronchial lymph nodes were invariably 
caseous and often showed liquefaction 
necrosis; mesenteric and cervical nodes 
were frequently caseous; the lungs were 
involved m all cases, 5 with miliary seeding. 
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but in 4 only small local foci could be 
found; foci of bone destruction were en- 
countered in 7 of 9 patients. The incidence 
of involvement of other organs in the 9 
fatal cases was as follows: spleen, 4; kid- 
neys, 4; meninges, 4; liver, 3; heart, 3; 
adrenals, i; pancreas, i. The histopatho- 
logic appearance of individual miliary 
nodules was similar to that of pulmonary 
tuberculosis, being composed primarily of 
epithelioid and giant cells, but there were 
more polymorphonuclear and eosinophilic 
cells and more tendency to caseous necrosis 
than in tuberculosis, and many of the giant 
cells contained coccidioidal spherules. 

DISSEMIN.^TED NON-FATAL CASES 

Three of our patients developed extra- 
pulmonary dissemination which they were 
able to focalize successfully. Certain im- 
portant differences were noted in these 
patients and those terminating fatally. In 
the first place, the clinical signs of activity, 
while often initially severe, soon diminished 
or even disappeared; temperature, sedi- 
mentation rate and complement fixation 
titer fell after a few days or weeks. Only i 
of the 3 had visible mediastinal or hilar 
adenopathy. Finally, the interval from 
original illness to first appearance of dis- 
seminated foci \vas considerably longer 
than in the fatal cases, averaging three 
months, whereas 7 of 9 fatal disseminated 
cases developed extrathoracic foci (subcu- 
taneous abscesses, bone destruction, men- 
ingitis) within the first month of their ill- 
ness, 4 withiji the first week. 

FACTORS INFLUENCING DISSEMINATION 

Individual and racial immunity are un- 
questionably the most important factors 
which determine whether or not a coc- 
cidioidal infection will disseminate. Smith"- 
states that the incidence of disseminated 
infection is four to seven times higher in 
males than in females. More important, the 
dark skinned races' such as Negroes, Mexi- 
cans, and Filipinos show a much greater 
tendency to dissemination than do whites. 
On the basis of Army statistics, not yet 


authorized for release. Colonel R. V. Lee*® 
has shown that fatally disseminating coc- 
cidioidomycosis is about one hundred times 
as likely to occur in a Negro as in a white 
person. Seven of our 9 fatal cases were in 
Negroes, only 2 in white persons. Thus the 
comrnonly accepted figure of i dissemina- 
tion in 500 coccidioidal infections has no 
meaning unless related to specific racial 
groups. The incidence in dark skinned races 
is much higher. 

Little is known as to the mechanism of 
immunity to coccidioidomycosis in hu- 
mans. Emmons*® found a high incidence 
of circumscribed coccidioidal nodules in 
pocket mice and kangaroo rats but rarely 
endosporulating organisms. He demon- 
strated that suppression of maturation and 
endosporulation was due to host influence 
as shown by the fact that when strains of 
Coccidioides iimnitis from these animals 
were inoculated into more susceptible 
animals, endospores were invariably pro- 
duced in the resulting lesions. Whether 
similar suppression of endosporulation oc- 
curs in resistant humans has not been 
demonstrated. 

Smith"- has commented on the fact that 
dissemination, when it occurs in white 
persons, is more apt to be meningeal in 
type, whereas Negroes show a higher in- 
cidence of multiple subcutaneous abscesses. 
This observation is borne out in our group 
of fatal cases. Both deaths in white persons 
W'^ere due to meningitis, while subcutaneous 
abscesses were found in over half of the 
Negroes who died. 

Roentgenographically, the one invariable 
finding in our disseminated cases of coc- 
cidioidomycosis was the presence of en- 
larged mediastinal nodes at least sometime 
during the course of the disease. At 
autopsy, the tracheobronchial lymph nodes 
were invariably caseous and often 
sively’’ necrotic and liquefied. Thus it wou 
appear that the blood stream infection 0 
disseminated coccidioidomycosis arise^ ^*t 
least in most cases, from caseous tracheo- 
bronchial nodes. 

It would also seem that dissemination, 
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when it occurs early, as it does in most point of differen gating and specific charac- 
cases is of more ominous significance than teristics which distinguish the disease from 
dissemination which occurs several weeks other acu^ and chronic pulmonary in- 
or months after the original acute infection, fections. The coccidioidm skin test is 
Carter^ has commented on the relatively shown to have a high degree of specificity 
benign character of isolated foci which are and parallels the tuberculin test in its inode 
started by minor injuries such as a bumped of action. Precipitin and complement xa- 


finger in apparently healthy individuals. 

TREATMENT OF COCCIDIOIDOMYCOSIS 

The treatment of coccidioidomycosis 
should correspond to the type and severity 
of infection. The acute benign form of the 
disease, constituting the great majority 


tion tests have proved valuable, not only 
from the standpoint of diagnosis but also 
as regards prognosis. 

3. Ninety-six coccidioidal pulmonary in- 
fections which persisted for months or 
years following the acute initial phase of 
the disease are discussed according to 


of cases, requires no other care than symp- predominant roentgen manifestation, as 
tomatic treatment and bed rest until the follows; 


lungs clear and sedimentation rate returns 
to normal. Patients with nodular foci 
should be allowed to carry on a normal 
active life. Patients with coccidioidal cavi- 
ties require closer supervision and restric- 
tion of activities, but it is questionable 
whether prolonged hospitalization to time 
of cavity closure is necessary or advisable. 
Collapse therapy seems hardly justified in 
any of these cases with the exception of 
those patients with repeated and extensive 
hemoptysis. Patients who have persistent 
pneumonitis should be hospitalized until 
all clinical signs of activity (elevated 
temperature, sedimentation rate, com- 
plement fixation) have disappeared and 
mediastinal adenopathy, at least, has 


(i) Nodular parenchymal foci. 

(2.) Cyst-like cavities. 

(3) Persistent pneumonitis. 

(4) Mediastinal and hilar adenopathy. 

(5) Pleural effusion. 

(6) Miliary lung involvement, metastatic 
bone foci and other evidences of dissemina- 
tion. 

4. The roentgen findings are correlated 
with associated clinical history. Twenty- 
three nodular and thirty-five cystic foci 
were shown to be extremely indolent, 
benign in character and slow in evolution. 
Twenty-one patients with persistent pneu- 
monitis required prolonged hospitalization 
over many months. Mediastinal adenop- 


lucuicisua-fU auenoparny, at leasr, nas 1 

uj ^ r atny was the predominant roentgen char- 

vanished completely. No form of treatment disseminated cases 

seems to materially affect the course of the ,erminal stage of miliary spS 

disseminated cases. Bed rest, high vitamin .. tp . . ■ , . „ .. " .P 

and high caloric diet are certainly 


5" Factors which influence dissemination 
tu.u nign caionc Uiet are certainly in- j- j -.,1 , 

dicated, but all drugs so far employed have 
proved ot no avail. Some claims have been 
made for vaccine therapy, but results have 
not been such as to inspire confidence to 
date. 


factor. CNegroes are about one hundred 
times as likely to develop fatal dissemi- 
nated coccidioidomycosis as white persons.) 
White persons are more apt to develop a 
meningeal type of coccidioidal dissemina- 

Tl-io 1" t f -j- ■ 1 • • show a higher incidence 

brii^fl^ A- coccidioidomycosis is of subcutaneous abscesses Dissemination 

briefly discussed, especially in regard to when it occurs late appears toTe of ’ 
developments during the past decade. The ominnn. 
epideiniologv and pathogenesis 


SUMMARY 


,. nnd pathogenesis of the 

uisease are also briefly described. 

-. 1 he clinical features of the disease 
nre discussed primarily from the stand- 


ominous prognostic significance than when 
occurring within the first few days or weeks 
01 the initial acute illness. 
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THE MYELOGRAPHIC DIAGNOSIS OF EXTRA- 
MEDULLARY CERVICAL SPINAL 
CORD TUMORS* 

By BERNARD S. EPSTEIN, M.D., and LEO M. DAVIDOFF, M.D. 

BROOKLYN, NEW YORK 


INTRODUCTION 

' I ''HE usual roentgenologic approach to 
the diagnosis of tumors within the 
cervical spinal canal is a search for pressure 
effects on the vertebrae. The presence of an 
expanding lesion within the cervical spinal 
canal may be suggested by widening of the 
interpedicular spaces, destruction or rare- 
faction of the laminae and pedicles and 
changes in the interveterbral foramina, but 
these are usually late manifestations. Until 
quite recently myelography of the cervical 
spinal canal was considered a rather diffi- 
cult, not to say hazardous procedure. The 
chief objections to the procedure were the 
possible entrance of lipiodol into the cranial 
cavity and the physical difficulties incident 
to roentgenoscoping and maintaining a pa- 
tient in the inverted position. Pantopaque 
myelography^ makes it possible to explore 
further^ the cervical canal roentgenologi- 
cally with an innocuous, slowh^ absorbable 
contrast medium, so that the diagnosis of 
mtraspinal tumor masses in the cervical 
canal may be made before visible changes 
occur in the vertebrae. This communication 
reports the myelographic findings in 5 pa- 
tients with extramedullary tumors of the 
cervical spinal cord or nerve roots in whom 
tne direct roentgenograms were normal. 

technique 

hijelography of the cervical spine may 
y’th a minimum of discom- 
ort to the patient. A stock model motor- 

grees head downward and which is equipped 

SnthlTo ' K'r We believe it es- 

der menr roentgenograms un- 

tgenoscopic control as quickly as 


possible. The observer must always keep in 
mind the increased hazards to himself in- 
cident to prolonged roentgenoscopy and 
spot film roentgenography, and avail him- 
self of all possible safeguards. 

We have found 3 cubic centimeters of 
pantopaque injected into the lumbar sub- 
arachnoid space adequate. Others use 6 cc. 
and prefer to aspirate it after examination.® 
The oil column must be maintained in as 
homogeneous a mass as possible The pa- 
tient, placed in the prone position with his 
face turned to one side, is first tilted so that 
the oil gathers in the lumbar sac. Then he 
is gradually inverted so that he is head 
downwards 10 degrees from the horizontal 
and the passage of pantopaque is watched 
roentgenoscopically. When this position is 
reached the oil column usually halts at the 
level of the first lumbar vertebra. The col- 
umn may be advanced an additional 3 or 4 
^^q^esting the patient to strain.^ 
V\ hen the pantopaque has reached the high- 
est level it can with the patient still in this 
position, he is requested to assume gradu- 
ally the knee-chest position, and the pas- 
sage of the oil through the thoracic canal is 
watched. Streaking and globulation of the 
column can be kept to a minimum if the 
hips are gently elevated and the shoulders 
kept m contact with the table top so that 
the flow of oiUhrough the thoracic canal is 
slow. Even though all precautions are ob! 

S into 1”°' to 

JaighTr 

zontal. The oil is tl^ ^ towards the hori- 
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in the lower cervical canal. As this region is 
entered the column first assumes a “U” 
configuration and then divides into two 
lateral ribbons of greater density between 
which the remainder of the oil collects. The 
“U” configuration is transitory and is not 
to be confused with intrinsic disease at the 
leA’^el of the sixth or seventh cervical verte- 
bra.- If the axillary pouches are poorly out- 
lined, they can be filled to better advantage 
by turning the patient’s neck slightly into 
the oblique position. Occasionally the axil- 
lary sleeves fill poorly in normal spines, par- 
ticularly when the flow of pantopaque 
through the cervical canal is rapid. Filling 
defects are considered of diagnostic im- 
portance only when confined to one region 
and when the other pouches are well visual- 
ized. The defect must be constant on suc- 
cessive studies. 

The proper use of the lo degree he.ad 
downward position together with the knee- 
chest posture obviates the necessity of 
specially constructed tables or restraining 
devices or the aid of attendants for cervical 
myelography in patients who have no gross 
muscular disturbances. If the patient is co- 
operative it is possible for the roentgenos- 
copist to perform the examination without 
help and with very little discomfort to the 
patient. We have not achieved the same 
results with the knee-chest posture in the 
horizontal position, but others have re- 
ported better results."’ Patients with kypho- 
sis or scoliosis of the thoracic spine cannot 
be examined in this way as a rule, but 
myelography may be readily accomplished 
if the patient is'placed in a lateral position. 

DIAGNOSIS 

The diagnosis of cervical spinal canal tu- 
mors rests on the observation of the ad- 
vancing head of the pantopaque column 
for filling defects. These may be transient, 
and may assume arcuate or curvilinear con- 
figurations. A definite lesion will produce 
the same deformity on successive examina- 
tions, and the observer must be sure that 
the spinal canal is adequately visualized 
on either side. Inasmuch as these filling de- 
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fects may occur as high cephalad as the 
foramen magnum, it is often impossible to 
prevent the passage of pantopaque into the 
basilar cisterns. As a rule, the oil can be re- 
turned promptly to the spinal canal by 
reversing the patient’s position, and ad- 
vantage may be taken of this procedure by 
observing the descent much the same as 
after a cisternal instillation. 

REACTIONS 

d'hus far we have observed but two reac- 
tions which might be ascribed to the en- 
trance of pantopaque into the basilar cis- 
terns. The first occurred in a woman, aged 
forty-four, and started one week after 
cervical myelographyq which was negative. 
She suddenly complained of intense vertigo 
which came on without warning and gradu- 
ally diminished until it disappeared after 
four days. The second reaction occurred in 
a man, aged forty-six, who also had a nega- 
tive cervical myelogram. He complained of 
intense headache which started five days 
after examination and gradually disap- 
peared after two days. Lateral roentgeno- 
grams of the skulls of both patients showed 
droplets of pantopaque retained in die 
basilar cisterns. 

REPORT OF CASES 

Case i (J. H. No. 331456). H. G., male, aged 
twe?uy-nine, complained of a sharp pain start- 
ing at the tip of the right shoulder and radiating 
down the flexor surface of the arm to the elbow. 
The pain, whicli started four months before 
admission, became gradually worse and was 
started or aggravated by exertion or strain. 
There was no weakness, paresthesias or loss 0 
manual dexterity. 

Physical examination revealed slight tender- 
ness over the middle and lower cervical spine. 
Neurological examination was norrnal. 

Cerebrospinal fluid examination 
manometric indications of a partial block, e 
protein content was elevated to 107 mg. 

100 cc. The Wassermann reaction and co 
loidal gold curve were negative. 

Anteroposterior, lateral, right and left o 
lique stereoroentgenograms of the cervical spine 
showed no bony change. The interverte ra 
spaces were normal. Pantopaque myelograp y 
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showed free passage of the oil to the level of the 
interspace between the fifth and sixth cervical 
vertebrae, where a transitory block occurred, 
after which the oil slowly trickled into the axil- 
lary pouches on either side. In the cephalad end 
of the oil column a small hemispherical defect 
convex caudad was noted overlying the spinous 
process of the fifth cervical vertebra. 

A laminectomy uncovering the fourth, fifth 
and sixth cervical segments revealed a soft, 
gelatinous yellow-white tumor about 4 cm. 
long lying on the dorsal aspect of the cord at- 
tached to the posterior root of the right fifth 
nerve. The tumor entered but did not pass 
through the right intervertebral foramen. It 
was removed completely and the patient made 
an uneventful recovery. 

Microscopic examination revealed a peri- 
neurial fibroblastoma. 

Case ii (J. H. No. 27744a). M. G., female, 
aged twenty-six, noted tingling in the second 
finger of her right hand, then intermittent 
aching pain in the right shoulder and drawing 
pains in the right arm for about two years 
before admission. After two months all the 
symptoms disappeared except for the tingling 
of the finger. A year later she noted paresthesias 
in her right arm, followed by twitching of both 
hands, numbness and increased sensitivity of 
both upper limbs. She began to limp on her 
right leg and had some difficulty in voiding for 
one month. 

Physical examination revealed weakness of 
the right arm and leg, decreased tendon reflexes 
on the right side and diminished sensitivity to 
heat, cold and pin prick on the left side up to 
the level of the upper cervical segments. 

Spinal fluid examination showed no mano- 
metric indications of block. The cerebrospinal 
fluid protein was elevated to 71 mg. per 100 cc. 
The Wassermann reaction and colloidal gold 
curve were negative. 

Anteroposterior, lateral, right and left ob- 
iflue stereoroentgenograms of the cervical spine 
s lowed no changes in the osseous or interverte- 
ral structures. Myelography revealed a transi- 
tory, sriiall hemispherical filling defect with the 
convexit)' directed caudad, in the advancing 
lead of the oil column on the right side at the 
level of the interspace between the first and 
second cervical vertebrae. The pantopaque 
en ered the basilar cisterns and emerged with- 
out eiay when the patient was returned to the 
upright position. 


Laminectomy exposing the first, second and 
third cervical segments revealed an encapsu- 
lated intradural extramedullary tumor about 
1 cm. long and 1.5 cm. thick to the right and 
posterior to the spinal cord. About two-thirds 
of the tumor lay in the spinal canal and one- 
third extended into the foramen magnum. The 
tumor was removed and the patient made an 
uneventful recovery. 

Microscopic examination revealed a psam- 
momatous meningioma. 



Fig. I . Case ii. Spot roentgenogram revealing a small 
hemispherical defect in the head of the pantopaque 
column at the level of the interspace between the 
first and second cervical vertebrae. Meningioma 
found at operation. 


jc. 


j H r J^v. ix,, icmaie, 

apd fifty-five, first noted pain in the back of 
the npk about eighteen months before admis- 
pn followed by tingling in the fingers of both 

hands and progressive paralysis beginning in the 

nght uper extremity, then the left upper limb 

follopd by right lower and then left lower limb 
paralysis. 

She had a complete tetraplegia when ad- 
mitted, with her lower limbs held in a fixed 
hexed position. Physical examination revealS 
coiwesponding reflex changes, with complete 
loss of sensation to touch, pressure, pain, tem! 
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Fig. 2. Case in. Spot roentgenogram revealing an 
arcuate defect in the cephalad end of the oil col- 
umn at the level of the interspace between the 
fiftli and sixth cervical vertebrae. Meningioma 
found at operation, 

peraturCj position and vibration over her entire 
body up to the level of the fourtli cervical verte- 
bra. 

Cerebrospinal fluid manometric studies re- 
vealed a complete block. The total protein was 
increased to 490 mg. per 100 cc. The Wasser- 
mann reaction and colloidal gold curve were 
negative. 

It was possible to obtain only an antero- 
posterior and lateral roentgenograms of her 
cervical spine, which were negative. Myelog- 
raphy, which was performed with the patient 
in the lateral position, revealed an almost com- 
plete block at the level of the sixth cervical 
vertebra, with a ribbon of oil trickling to the 
right of the spinal canal. At the cephalad end of 
the lateral ribbon overlying the right side of the 
interspace between the fourth and fifth cervical 
vertebrae there was a persistent arcuate defect 
concave caudad about I cm. wide. 

Laminectomy uncovering the third to sixth 
cervical segments showed the spinal cord to be 
compressed to about one-sixth its usual size by 
a large intradural extramedullary tumor about 
4 cm. long and 3 cm. wide. The tumor was solid. 


pinkish in color, homogeneous and encapsu- 
lated, and attached to the dura at one point. 
It was enucleated and the patient was dis- 
charged markedly improved able to move all 
her limbs. 

Microscopic examination revealed a psam- 
momatous meningioma. 


Case iv (J. H. No. 273320). N. S., female, 
aged twenty-six, first noted pain in the base of 
her neck radiating down the right shoulder two 
years before admission. Numbness of the finger 
tips of both hands was noted one month ago, 
and the right arm became awkward and heavy 
in its movements. Transient twitchings of all 
four extremities was present, and she had dif- 
ficulty in balancing herself on the right. 

Examination showed moderate weakness of 
the right hand grip. Her gait was normal. The 
tendon reflexes were brisk, somewhat more 
marked on the right. The abdominal reflexes 
were absent, and the Hoffman and Babinski 
reflexes were pathologic bilaterally. There was 
marked stiffness of the neck, but no tenderness 
was elicited. 

Cerebrospinal fluid examination showed nor- 
mal manometric responses. The total protein 
was increased to 235 mg. per 100 cc. The Was- 
sermann reaction and colloidal gold curve were 
normal. 

Anteroposterior, lateral, right and left ob- 
lique stereoroentgenograms of the cervical spine 
showed no osseous or intervertebral changp. 
Pantopaque myelography revealed a partial 
block in the upper cervical spinal canal at the 
level of the first and second cervical vertebrae, 
where the head of the oil column swung from 
right to left and some of the oil entered the cis- 
tern a magna. A fluid level formed at the caudal 
end of the oil column when the patient was 
maintained in the inverted position. The let 
axillary pouch at the interspace between the 
second and third cervical vertebrae filled we , 
that on the right was not visualized. 

Laminectomy of the second, third and 
cervical vertebrae revealed a large subarachno) 
extramedullary tumor extending from the top 
of the fourth cervical vertebra underneath t e 
first cervical vertebra into the cranial cavity- 
The tumor was removed piecemeal. It was 0 
mushroom shape, with the head extending into 
the cranial cavity and the stem extending along 
side the spinal cord on the right occupy'pS ^ 
lateral as well as an anteropostpior position 
down to the top of the fourth cervical verte ra. 
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T' roentgenogram of lower cervical canal revealing normal configuration of the oan 

on the“rm?t“aUhe Jeveror^^^^ defect 

the nght at the level of the upper three cervical segments. Perineurial fibroblastoma found at operation. 

yellowish, glairy, soft and fri- « 

able. The patient’s recovery was uneventful and 
'y^® d'®^h^rged relieved of symptoms. 

Microscopic examination revealed a peri- 
neurial fibroblastoma. 

^ ^71237). s. C., female, 

‘g urty-seven, first noted stiffness of her 
nght leg about fifteen months before admission. 

"'^^^ness of her right hand 
. ppeared and progressed so that she was unable 

LS condition improved 

cuTrS an^/^^^^ Physiotherapy but soon ra- 
the left h accompanied by weakness of 
monJhs; about three 

reflexes' active tendon 
hexes and J n I abdominal re- 

sigp on ,h. loft 

Wateralh P'“«t 

pointing with -^here was past- 

Myelogtnph, showed free SC. S JZtT 
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passage of the oil througii the lower cervical 
canal. The head of the oil column swerved 
sharply from left to right at the level of the 
first cervical vertebra, the caudal end forming a 
fluid level when the patient was kept in an in- 
verted position. 

Examination of the cerebrospinal fluid re- 
vealed manometric evidence of a complete 
block. The total protein was 52 mg. per 100 cc. 
1 he Wassermann reaction and colloidal gold 
curve were negative. 

A laminectomy uncovering the upper three 
cervical vertebrae revealed an encapsulated 
extradural yellowish pink-gray tumor which 
was removed without difficulty. 'Fhe patient 
made an uneventful recovery. 

Microscopic examination revealed a peri- 
neurial fibroblastoma. 

COMMENT 

Four of the 5 patients were le.ss than 
forty years old and one was fifty-five years 
old. The duration of symptoms was from 
fifteen months to two years in 4 patients, 
and four months in one. The onset of symp- 
toms was insidious, and all noted pain in the 
back of the neck radiating to the shoulders. 
Four of the patients complained of pain in 
the right shoulder as an initial symptom, 
and it is conceivable that if the lesion were 
contralateral the pain may have simulated 
that encountered with coronary artery dis- 
ease. Two patients had symptoms referable 
to the lower extremities, and i had a com- 
plete tetraplegia. The other 2 had no pain 
referable to the lower limbs. 

There were 3 patients with tumors in the 
upper third of the cervical spinal cord, two 
of which extended into the cranial cavity, 
and two occurred in the lower third. The dif- 
ference in the patterns of pain in the two 
groups was slight, and one could not 
definitely ascertain the level involved from 
the clinical picture alone. Thus, the first 
patient who had a perineurial fibroblastoma 
at the level of the fifth and sixth cervical 
vertebrae complained only of right shoulder 
pain with no other neurological signs, while 
the second patient who had a meningioma 
at the level of the first and second cervical 
vertebrae complained first of pain in the 


right shoulder, then of changes in sensation 
of both arms and the right leg and dimin- 
ished perception of pin-prick on the left 
side. The third patient, who had a complete 
tetraplegia had a lesion at the level of the 
sixth cervical vertebra. The fourth and fifth 
patients both had tumors at the first and 
second cervical vertebral level but pre- 
sented dissimilar neurologic pictures. The 
fourth patient complained chiefly of neck 
pain radiating to the right shoulder, while 
the fifth complained first of pain in the right 
leg followed by weakness and pain first in 
the right hand and then the left hand and 
leg almost a year later. Essentially the pat- 
tern presented varied with the results of 
the pressure produced in each individual. 

The most important cerebrospinal fluid 
finding was elevation of the protein con- 
tent. Complete cerebrospinal fluid block 
occurred in 1 patients, 2 had a partial 
block and i had no demonstrable block. 
The presence of block appeared to be more 
dependent on the location ot the tumor 
than on its size in the limits mentioned here. 

Three of the tumors were perineurial 
fibroblastomas and two were meningiomas. 
They had in common the important fact 
that they were extramedullary and could 
be removed completely. All the patients 
recovered. 

Complete direct roentgen ographic exam- 
ination was of no help. This is not always 
the case, perineurial fibroblastomas being 
frequently diagnosed because of widening 
of the affected inten'’ertebral foramen and 
meningiomas often presenting the end- 
result of pressure on the laminae and 
cles of the adjacent vertebrae. Neverthe- 
less, it is worth repreating that in this group 
of patients, who had tumors for as long as 

two years, no direct roentgenographic evi- 
dence of pressure eflrects on the vertebrae 
could be demonstrated on complete care- 
ful direct roentgenographic examination. 

SUMMARY 

Pantopaque myelography fills a gap 
the diagnostic procedures available foe ^ ^ 
studv of the cervical spinal canal. The ease 
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with which it may be performed and the 
richness of the information available make 
it a most important diagnostic method. It 
has already achieved widespread use in the 
identification of herniations of the nucleus 
pulposus of the lower cervical spine, and, 
as suggested by this report, may well be ex- 
tended to the study of the upper cervical 
region. 

Jewish Hospital 
Brooklyn, N. Y. 
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THE EHLERS-DANLOS SYNDROME* 

II}- JOHN F. HOLT, M.D, 

ANN' ARIIOR, MICHIGAN 


T he Ehlers-Dunlos'’'’ syndrome is an 
uncommon but well defined clinical 
entity consisting of Ci) hyperelasticity and 
(2) fragility of the skin and blood vessels, 
(3) hypermobility of the joints, (4) pseudo- 
tumors over the bony prominences and (s) 
movable nodules beneath the skin. The 
disease is classified as a congenital dys- 
trophic anomaly, but aside from the fact 
that it exhibits hereditary or familial 
tendencies,- little is known concerning its 
etiology. That the disease is probably a 
developmental error is supported by the 
frequent coexistence of additional anom- 
alies. Synostosis of the proximal heads of 
the radii and ulnae,** club feet,'"’ super- 
numerary teeth,** congenital muscular 
atony'" and delayed cranial ossification'** are 
some of the associated developmental faults 
which have been reported. 

In describing the syndrome under the 
name cutis hyperelastica, Ormsby and 
Montgomery" state that the soft velvety 
skin of these patients is loosely attached 
to the underlying tissues and, due to an 
actual increase in the amount of elastic 
tissue, the distensibility of the skin re- 
sembles that of animals. As a result, the 
skin may be grasped between the thumb 
and forefinger and extended in a rubber- 
like fashion as much as 3 or 4 inches, but in 
contradistinction to cutis laxa, it will 
resume its normal position when released. 
This startling hyperelasticity is general- 
ized, but is most pronounced around 
joints. The hyperextensibility of the joints 
characteristic of this condition sometimes 
leads to spontaneous subluxations. It is 
actually possible for some of these patients 
to touch the dorsum of the hand with the 
finger tips of that same hand. 

The hyperelasticity of the skin is as- 
sociated with extreme fragility. Slight 
trauma produces large gaping wounds 


whicli invariably leave rather character- 
istic linear or irregular papyraceous scars. 
Another unfortunate complication of rela- 
tively minimal injury is the formation of 
purplish, molluscoid pseudotumors over 
the various prominences of the body, 
particularly the elbows and knees. Sheer 
and Kaplan" explain the development of 
these pseudotumors on the basis of ex- 
travasation of blood into the wounds 
produced by trivial injury. Eventually the 
traumatic hematomata undergo partial 
absorption, leaving masses of scar tissue 
which can be palpated through the skin. 
These masses are covered by semitrans- 
lucent membranes through which their 
coloring, resembling that of hemangiomata, 
can be seen. 

Ronchese'"'" has emphasized that the 
four characteristic features of the symp- 
tom-complex under discussion _ may exist 
singly or in any combination, but as such 
cannot always be designated as the true 
Ehlers-Danlos syndrome. For example, 
many so-called “double jointed” persons 
have such a degree of hyperflexibility of 
their hands that they can subluxate inter- 
phalangeal articulations at will, although 
there is no associated abnormality of the 
skin. Hyperelasticity of the skin, either 
with or without excessive flexibility of 
joints, is an invariable finding in the 
"india rubber man” of side-show fame; in- 
creased skin fragility and its direct sequelae 
are notably lacking. 

In 1934, Tobias'® submitted the first re- 
port of the Ehlers-Danlos syndrome in the 
United States, calling particular attention 
to an apparent associated abnormality 
identified by him as congenital lipomatosis. 
The alleged lipomata manifested th^- 
selves as relatively small, firm, non-tender, 
subcutaneous nodules which exhibited an 
unusual degree of mobility. As long ago as 


* From the Department of Roentgenology, University of Michigan, Ann Arbor, Michigan. 
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1912, Shaw and Hopkins^^ had reported a 
patient with Ehlers-Danlos syndrome who 
had hard, movable subcutaneous nodules 
which they considered to be fibromata or 
neuromata. In discussing this paper, Weber 
told how Morris in 1900 had biopsied a 
similar lesion in another patient with 
hyperelastic skin. The nodule “seemed to 
consist of a spherical fibrous outer portion 
(in which was possibl)^ a zone of calcifica- 
tion) and a fluid inner portion.” Morris’ 
patient and 2 others with similar changes 
were reviewed by Weber^® in 1923. Fifteen 
years later, Weber and Aitken^^’^® described 
in great detail a patient of their own in 
whom^.they had observed subcutaneous 
“spher,ules” associated with the original 
Ehlers-Danlos signs. 

Whereas Weber and Aitken supported 
the idea of Tobias that the peculiar sub- 
cutaneous nodules represent a fifth com- 


ponent of the syndrome in certain cases 
they did not concur in his explanation oi 
the nature of these lesions. They describee 
the nodules as shot-like, oil-containing 
cysts surrounded by fibrous or calcifiec 
capsules. Presumably the nodules resultec 
from localized avascular degeneration 01 
adipose tissue with subsequent repair. 

It is the “fifth sign” of the Ehlers- 
panlos syndrome which is of particulai 
importance to radiologists. Our interest ir 
the condition was kindled recently by th< 
observation of disseminated soft tissm 
calcium deposits in the extremities of twe 
sisters presenting typical clinical signs o 
e syndrome This interest was intensifiec 
f literature on the subjec: 
illn that no roentgenogram! 

ules calcified subcutaneous nod 

mnorT'''rJ^r" been published. Severa 
hanrt^ included roentgenograms of thi 

few TrLV *’" '•'= joints. In . 

lev articles it was stated that roenteei 

no abnr'°"r°^ bones had showi 

case of n r in describing th. 

that boy, mentionec 

could be se^a^dT^' 

een and the report suggested : 


slight degree of calcification at these sites.” 
No other reference to positive roentgen 
findings could be found. 


CASE REPORTS 


The roentgenographic features observed 
in the case of two sisters who belong in the 
Ehlers-Danlos category are herewith pre- 
sented. A more comprehensive study in- 
cluding dermatological and genetic con- 
siderations will be reported elsewhere by 
Johnson and Falls. ^ 

Case i. V.M.E., a white girl, aged eighteen, 
was first seen in the Dermatological Out-Pa- 
tient Department of the University Hospital 
on May 1 1, 1944, where the diagnosis of Ehlers- 
Danlos syndrome was made by Dr. Sture John- 
son. The patient was referred to the Depart- 
ment of Roentgenology for examination of the 
spine and wrists because she complained of 
pain between the shoulder blades and numbness 
of the fingers. 

The cervical and thoracic portions of the 
spine appeared normal. The distal end of the 
left radius was deformed slightly and surround- 
ing soft tissues contained several small, rounded 
deposits of calcification. Additional roentgeno- 
grams of the entire left arm were requested to 
determine the extent of the soft tissue lesion 
which was thought to be a hemangioma pro- 
ducing bone erosion. This examination showed 
widespread calcium deposits extending all the 
way to the shoulder, and since there were no 
hnical signs of angioma, roentgenograms of the 
entire body were made to determine whether 
subcutaneous calcium deposits were widespread 
Incidenta ly, while films were being eSSed 
the left sleeve of the patient’s gown caught in 
the railing of the tube stand. Apparentlv 
underlying skin was pinched slightly a^d al 

immediate emergency ere for co’ntrSTf bS 

e-SHtSS tif 

These appear to 

itself or X imm^? ^'^ber the skin 
(Fig. I). In 

calcifications are sfen ^bese 

seen to be largest and 
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)■ joI>nl<--s of fat in Ehicrs-Danlos syndrome. Distribution is bilaterally 

.symmaricai and largely superficial. Wavy irregularity of skin surface is due to traumatic hematomata 
(pseudotumors). 


mo.st nuincrous on the cxtcn.sor suifaccs, 
being particularly abundant over the lower 
deltoid regions (Fig. 2). a scattered 
nodulc.s arc evident on the Jnediai aspect of 
the upper arm, but the flexor surfaces of 
the forearm are cntirel)' normal in appear- 
ance. 

Involvement of' the thighs i.s limited 
almost exclusively to the extreme lateral 
surfaces, with distribution around the 
greater trochanteric regions being some- 
what more generalized but always super- 
ficial. 

By far the greatest concentration of 
calcified “spherules” is present in the lower 
legs. Here the lesions are more widely dis- 
seminated, although a definite predilection 
for the lateral and medial skin surfaces is 
manifested. The flexor surfaces of the knees 
and all of the soft tissues around the ankles 
for some distance above the ankle joints 
contain none of the concretions. No nodules 
arc found about the distal portions of the 
forearms, the wrists, hands, feet, scalp or 
trunk. 


At first glance it appears that the pattern 
of skin calcification conforms to those 
portions of the extremities most subject to 
trauma, but this is true only where there is 
an appreciable amount of adipose tissue. 
Thus, there are numerous calcium deposits 
over the hips and upper arms, but the 
elbows, knees and ankles show little or no 
involvement. In direct contradistinction, 
the larger pseudotumors are most promi- 
nent around the joints. 

Individually, the subcutaneous calcium 
deposits have a rather constant appearance 
(Fig. 2). In most instances, a central zone 
of relatively increased radiolucency is 
surrounded by a ring-like shadow of lime 
salt. Some of the nodules are fainth 
stippled and a few are entirely homoge- 
neous, but these are in the minority. 

Case II. V. E., a white girl, aged sixteen, 'ras 
sent to the University Hospital Bone and Join 
Department on April 20, 1944, for treatmento 
a tumor involving iier left knee. Koentgeiio 
graphic signs of primary malign.int neopasn 
of the proximal portion of the left tibia we 
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confirmed by biopsy. The tumor was an osteo- 
chondrosarcoma. 

Unknown to the Department of Roentgenol- 
ogy, the patient was referred to Dermatology 
because peculiar hyperelasticity of her skin had 
been noted. Dr. Sture Johnson made a diagnosis 
of Ehlers-Danlos syndrome. When the roent- 
genologic signs, already described, had been 
observed in Case i, the leg roentgenograms 
showing the bone tumor (Case ii) were reviewed 




' TeVrciStL'’ collection of noduk 

The characteriin 



Img. 3. Case 11. Ehlers-Danlos syndrome. (Roent- 
genogram of surgical specimen. Left leg ampu- 
tated because of osteochondrosarcoma, upper end 
of tibia.) Small calcified nodules can be seen on 
lateral aspect of leg. 


out, oecause neavy exposure had been used to 
show bone detail, superficial tissues could not 
be seen clearly. Subsequent supracondylar am- 
putation of the patient’s left leg, however, af- 
forded a splendid opportunity to scrutinize the 
calcified nodules more closely from both the 
roentgenologic and pathologic aspects. 

Roentgenograms of the surgical specimen, 
lightly exposed, showed only a fraction of the 
great number of calcified subcutaneous nodules 
observed m the extremities of the patient’s 
sister, but nevertheless they were of the same 
general configuration and distribution (Fig -j) 

n '’“''•"‘''S" examination of the ampu- 
tated leg (exclusive of the tibial neoplasm) 
showed the skm to be vety hyperelastm S 

iohXoTrro"^£,'’^rr;t'>-“'^ 

subZ:::'us‘'S:rrs "-r 

-a's seveta^Sr '? etsiS: 
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I'lG. 4. Case 11. Low jiowcr microscopic section of 
typical sulicutaneous nodule. Calcified necrotic 
fat (center) is surrounded by collagenous fibrous 
tissue capsule. 

interest. Only a small percentage of the 
total number of nodules contain any 
calcium deposition whatsoever, the ma- 
jority consisting of isolated groups of fat 
cells tightly compressed within collagenous 
fibrous capsules of varying thickness. A few 
of the fat cells have normal appearing 
nuclei, but for the most part they are 
definitely necrotic, and it is within this 
tissue that calcium is deposited. Occasional 
foreign body giant cells are seen dispersed 
throughout the necrotic fat. Uniform in- 
crease in elastic tissue is clearly evident in 
the corium. 

The ring-like peripheral density observed 
roentgenographically in many of the larger 
nodules is somewhat difficult to rationalize 
on the basis of the microscopic findings 
which show the lime salt to be located 
centrally. It should be remembeied, how- 
ever, that some of the smaller nodules have 
a more homogeneous density and these are 
undoubtedly the ones from which histologic 
sections were made. Apparently in the case 
of the larger nodules, calcification is most 
pronounced just inside the fibrous outer 


capsule, with the central portion consisting 
largely of radiolucent non-calcified fat. 

The etiology of the subcutaneous nodules 
m the Ehlers-Danlos syndrome is open to 
considerable speculation. The opposing 
views of Weber and Aitken, Tobias, and 
Shaw and Hopkins have already been 
mentioned and certainly additional opin- 
ions have been expressed in the past. It 
may well be that trauma plays more than 
a minor role in the formation of these 
lesions. The presence of necrotic fat and 
foreign body giant cells within the nodules 
as well as the distribution of these "spher- 
ules” on the extensor surfaces of the ex- 
tremities tend to support such an explana- 
tion. 

As has been suggested, the calcified nod- 
ules superficially resemble the more com- 
monly encountered phleboliths in he- 
mangiomata. .Adding to the confusion is the ■ 
fact that the entirely independent pseudo- 
tumors of the Danlos syndrome and the 



Fig. 5. Calcified heniangiomatous phleboliths 1 
forearm of two different patients. Note similan ) 
to subcutaneous nodules in Ehlers-Danlos sjn- 
drome (Fig. i, 2 and 3). 
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irregular tumor masses of sizable angio- 
mata present much the same roentgeno- 
graphic appearance. Furthermore, both 
entities are sometimes associated with 
minor alterations of normal bone architec- 
ture. Fortunately, the clinical differentia- 
tion of the two conditions is relatively 
simple and careful correlation of clinical 
and roentgen findings will avoid any serious 
confusion in diagnosis. 

Some of the roentgenographic features of 
angiomatous phleboliths actually are rather 
distinctive and may assist materially in 
differentiating these vascular calcifications 
from the calcified Ehlers-Danlos nodules. 
^Tereas the latter are entirely superficial 
in location, phleboliths are apt to be 
distributed throughout the deeper soft 
tissues. Phleboliths show more variation in 
size, are more irregular in outline, and 
contain multiple concentric strata of cal- 
cium which give the individual concretions 
a crystal-like appearance (Fig. 5). 

The larvae of parasites such as Cysti- 
cercus cellulosae may calcify in the muscles 
of the extremities and produce roentgeno- 
logically visible shadows which are vaguely 
similar to those described in conjunction 
with the Ehlers-Danlos syndrome. Recog- 
nition of peculiarities of shape, and due 
attention to clinical and laboratory data 
aid in theii proper identification. 

The far more common forms of soft 
tissue calcification either appear as solitary 
lesions or occur in such an amorphous 
tasluon that they offer no serious differ- 
ential diagnostic difficulties. 


SUMMARY 

estilffi ^^rilos syndrome is v 

established on the basis of clinical findir 
sting of hyperelasticity and hyp 
jomts*^j t'le skin, hypermobility of t 

Papvricen of pseudotumo 

- 

to die^evr confin 
oentgenologically visible. Two sisters w 


manifested these changes are presented in 
brief. 

3. Roentgenographically, the calcified 
nodules may be confused with the more 
commonly encountered phleboliths in he- 
mangiomata. The differentiating features 
of these two entities are considered. 

4. Histopathologically, the Ehlers-Dan- 
los nodules consist of lobules of calci- 
fied, necrotic fat surrounded by dense 
fibrous tissue capsules. 

5. Repeated trauma may be an impor- 
tant etiologic factor. 

University Hospital 
Ann Arbor, Michigan 

The helpful suggestions of Dr. Marjorie Everett of 
the Department of Pathology are gratefully acknowl- 
edged. 
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A QUANTITATIVE ROENTGENOGRAPHIC METHOD 
FOR THE DETERMINATION OF LEFT 
AURICULAR SIZE 

NORMAL STANDARDS 


By CAPTAIN ARNOLD L. BACHMAN 

MEDICAL CORPS, ARMY OF THE UNITED STATES 


T he importance of roentgenographic 
evidence of enlargement of the left 
auricle in the diagnosis and management 
of rheumatic heart disease is at present 
generally accepted.'^-'^'i^-^'’ Indeed, Parkin- 
son^^ and Sosman^® have stated that the 
presence of an enlarged left auricle is second 
in significance only to the characteristic 
murmurs for the diagnosis of mitral valvu- 
lar disease. 

The roentgenographic findings in cases 
with a patently normal or markedly en- 
larged left auricle offer little difficulty. 
Numerous roentgen signs have been re- 
ported as aiding in the recognition of 
moderate or marked enlargement of this 
chamber.^--' 5 'im 4 . 2 i, 26.32 These finding, how- 
ever, are not observed in cases with only 
slight enlargement of the left auricle, and 
considerable difficulty is frequently en- 
countered in the recognition of a minimal 
en argement.='®.i=. 2 o. 2 i .25 Much of this diffi- 
culty is due to the wide variation in the 
outline of the auricle in normal cases, and 
to the absence of a sharply defined differ- 
ence between the appearance of the normal 
and minimally enlarged auricular chamber, 
le purpose of this paper is to demonstrate 
^e amount of roentgenographic variation 
L iT ^PPp^.tance of the left auricle in 
'^^''’^'^^als and to furnish quanti- 
tat^e standards establishing the distribu- 

stiunTF variation. These 

sidertbL ^ may be of con- 

tiie bV.; 'T "" delineating 

J ="'* '“s'*''’’ 

of the barium-outlined 

o«t>blished 7s 

<lemonttrari„g’“he‘'Ter" ""‘1'’°“*' 

tour, 6 ’W.i 4 .i 5 , 10 ^ 0.32 „ , , f^’^'^ular con- 
and has been employed 
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as the basis of this study. Determination of 
.the size of the left auricle (without the 
aid of esophageal opacification) by the 
direct observation of changes in the cardiac 
silhouette*^ has not been found sufficiently 
accurate for the diagnosis of a minimal 
enlargement. 

NORMAL AND ABNORMAL ANATOMY, ROENT- 
GENOGRAPHICALLY CONSIDERED 

The esophagus enters the thoracic inlet 
slightly to the left of the midline between 
the trachea and the spine. It proceeds 
inferiorly to the level of the fifth thoracic 
vertebra, where it swings to the midline and 
continues downward and forward in this 
position. At a point 2 to 3 cm. above the 
diaphragm it turns toward the left and 
descends to enter the abdomen throu<^h the 
esophageal hiatus. *’2'' ° 

There are three main impressions on the 
opacified thoracic esophagus as seen on the 
oblique and lateral roentgenograms. These 
from above downward are (a) the aortic, 
(<?) bronchial, and (c) left auricular. The 
aortic impression is seen constantlv It is 
caused by pressure of the posterior portion 
of th^e aortic arch on the left side of the 
esophagus. A short distance (average o 7 
cm.) belotv the lower end of the aortic in 

be caused by the lefr,:;rSuSTh( 

trachea at its bifurcation or the right main 
bronchus, depending uDon rh. 'Snt main 

of the relationship of ie tracLal bT'”" 
t.°n to the esophagus (pig Tti afT" 
below the bronchial bnri ^ 
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and 2). The region anterior to the “alpha” 
segment is occupied only by connective tis- 
sue and small mediastinal lymph nodes®-'® 
(Fig- v 3 )- Immediately below the “alpha” 
segment the auricular impression begins 
and is present for a distance of 5 to 6 cm. 
down to a point a or 3 cm. above the 
diaphragm. 

In the oblique and lateral views, the 
general course of the esophagus is down- 
ward and usually anterior. Less often, the 
esophagus may proceed downward in a 
truly vertical position, and infrequently, 
the course is downward and minimally 
posterior (Fig. 4). At the sites of the three 
main impressions, the esophagus shows 
local posterior bulges, but resumes its 
general downward and anterior direction 
immediately after passing the indentations. 
The best indicator of the general eso- 
phageal cour.se is the direction of the 
“alpha” segment, located below the bron- 
chial indentation, since there are no local 
impressions by .adjacent viscera on this 
portion of the esophagus. 

The angle which the posterior border of 
the opacified esopli.ageal “alpha” segment 
makes with the vertical axis has been 
designated as “g.amma” (Fig. i and 2). 
This angle is a measure of the direction of 
the “alpha” segment .and therefore is an 
index of the general esophageal course. 

At the lower end of the “alpha” segment 
the normal left auricular impression on the 
esophagus begins. The angle between a 
downward extension of the posterior border 
of the “alpha” segment and the posterior 
margin of the esophagus in the upper 
portion of the auricular impression has been 
designated as the angle “theta” (Fig. i and 
2). 

The anteroposterior relationship of 
aortic arch bulge of the esophagus to the 
auricular bulge varies. Usually, the aortic 
arch displaces the esophagus more pos- 
teriorly than does the normal left auricle. 
This relationship is determined as follows: 
From the most posterior point on the 
posterior border of the opacified esophageal 
shadow in the aortic bulge a vertical line 


is dropped. The distance between this line 
and the most posterior point on the poste- 
rior esophageal border in the region of 
auricular impression is determined. This 
distance has been designated as “M.P"; 
i.e., maximal posteriority of the esoph.ageal 
auricular bulge in relation to the aortic 
impression (Fig. i, 2 and 5). The value of 
“M.P.” depends upon three major factors. 
These are: (a) the general anterior (or 
vertical or posterior) direction the esopha- 
gus takes as it courses downward; {b) the 
amount of local bulging in the auricular 
region; (c) the amount of local bulging in 
the aortic arch region. 

The selection of a series of quantitative 
indices for the determination of the left 
auricular size was influenced by a con- 
sideration of the changes in the appearance 
and size of the left auricle in cases with 
definite mitral dise.ase. It was felt that 
strict statistical analysis of the normal 
variations of the indices selected and 
observations on abnornml cases might be 
of great aid in more clearly establishing the 
border between the normal and enlarged 
auricle. A brief review of some of these 
considerations therefore follows. 

The left auricle, as it enlarges, ex- 
pands in a posterior direction early in its 
course.®-®-'®-'^-'®'®'’-"-®"-®® Upward enlarge- 
ment is usually seen shortly afterward. 
Enlargement to the right and left usually 
becomes more apparent only after the 
posterior expansion has been impeded ) 
adjacent structures such as the .norta an 
spine. Thus, the best criteria of early en- 
largement appear to be posterior and up- 
ward bulging of the auricle. Since t e 
esophagus lies .adjacent the posterior n a 
of the left auricle, the first manifestation 0 
enlargement should be an increase la 
the posterior displacement of the juxta 
auricular portion of the esophagus, 

“M.P.” This posterior displacement shouia 

also be indicated, in the early phases, ) 
increase in the angle between the lower en 
of the “alpha” segment and the uppe 
portion of the esophageal impression O-e- 
the angle “theta”). With additional dilata- 
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Fig. I. Diagram of esophagus in normal case. {A) Shows no bronchia] impression on esophagus. A, esopha- 
gus; B, trachea; C, left main bronchus; D, aortic arch; line GT’, “alpha” segment; angle TGB, “gamma”; 
angle JJTX, “theta”; "M.P." distance from most posterior point on posterior border of esophagus in the 
auricular region to a vertical line (GG') dropped from the most posterior point on the posterior border of 
the esophagus in the region of the aortic knob indentation. (B) Shows esophageal impression by left main 
bronchus. Note that in the presence of a bronchial impression the “alpha” segment ( 77 ?) is shortened. 
Angle TRS, “gamma.” Other identifying letters are the same as in {A). 


tlorij however, the auricle expands upward 
as well as further posteriorly, and the 
lower end of the “alpha” segment is seen to 
become displaced backward. In these cases 
the entire “alpha” segment then assumes 
a downward and posterior course rather 
than the usual (in the normal) downward 
and anterior direction. As a result, there 
should be noted a diminution of the angle 
theta, as well as an increase in the 
posteriority of “M.P.” and the angle 
gamma.” These changes actually have 
been found to occur before evidence of 
auricular enlargement to the right or left, 
elevation of the left main bronchus, and 

laenmg of the tracheobronchial angle ap- 
peared. ^ 


Methods were therefore employed 
yield quantitative measurements for 1 
indices of left auricular size: (i) the an 

>h«a. fe) ■‘M.P.r and (3) the an 


“gamma.” A series of other measurements, 
namely [a) height and weight relationship, 
{b') frontal cardiac area, (c) transverse 
cardiac diameter and {,d) thoracic height 
were also made, and statistical correlations 
calculated between these external, somatic 
factors and the three main indices. 


MATERIAL AND METHODS 

Two hundred and fifty healthy mal 
soldiers between eighteen and thirty veai 
of age were selected following a detailed 
history, physical and efectrocardiographi 
examination. Any evidence even slight! 
suggestive of rheumatic fever, heart di^ 
ease, cardiac murmur, elevated blood pre^ 
sure or other abnormality caused exclusioi 
from the study. A set of four roentgenc 
grams was obtained for each examine' 
measurements were made on these roenl 
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genograms, and a series of normal stand- 
ards created. 

The following views were employed in 
the study of each subject: 

1. Posteroanterior in mid-inspiration. 

2. Left lateral in mid-inspiration. 



Img. 2 . .Appearance of esophagus in normal 
case. (//) Left lateral view, mid-inspiration. 
{B) Kight anterior oblique view, mid-in- 
spiration. (C) Right anterior oblique view, 
expiration. Ao, aortic knob; L/1, left au- 
ricle. Identifying letters along esophagus 
are the same as in Figure i. 


3. Right anterior oblique in niid- 
inspiration. 

4. Right anterior oblique in expim- 

tion. I 

The esophagus was opacified for each 
these views with the aid of a very tnc 
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barium paste. The subject swallowed one 
mouthful, and about fifteen seconds later 
the exposure was made. In this manner, 
the esophagus was well outlined but not 
distended by the contrast material. Dis- 
tention of the esophagus by the barium 
mixture was found to impair considerably 


head and neck on the thorax was avoided. 
A 45°-5 o° angle was employed, so that 
the shadow of the opacified esophagus 
cleared the spine. However, a variation 
from about 40° to 55° resulted in no signifi- 
cant discrepancies in the measurements, 
and no special apparatus was considered 



Anatomy. 

mediastinal lymph nodes (Z..AD a^nd connectiv^ 'ti^ie beLeen the^^onf segment. Note the 

artery The right and left main bronchi lie on each side of the medirstm^H Pulmonary 

esophagus and pulmonary artery. (S) Level of Dy, through the upper part of the^b between the 

close proximity of the esophagus (£) to the posterior surface of tJe left aSck (L y" 


the accuracy of the measurements. There- 
tore the presence of a considerably dis- 
tended esophagus in any view was con- 
idered as an unsatisfactory study and 
required re-examination. All roentgeno- 

SiirT ^ ^ target-film 

e sen S’ Pf turing was considered 

made wirl''"? was 

<^tect In th?"n perfectly 

care was examinations special 

e^aSn ne shoulders of the 

anTe mHn ^ ^^""inating 

ation on one side. Rotation of the 


necessary for accurately establishing the 
degree of obliquity. In the lateral viel fie 
arms were held above the head and the ’sub 

these measurements are as follows • ^ 

am^e^rfZltrtfnr- ‘‘i- 

SZe??Sod”l “ UnSerTnd 
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approximates a straight line, or at most, 
forms a very shallow curve. Small local 
variations in the curve are to be dis- 
counted. The angle is measured with a 
protractor. 

(c) Angle “gamma.” This is the angle 
between the posterior border of the eso- 
phageal “alpha” segment and the vertical. 
It is formed by dropping a, vertical line 
from any point on the “alpha” segment, 


Table 1 

MEASUREMEKTS DETERMIXED FROM EACH ROEXTGEN'OGRAM 



Posteroanterior 

■ Left Ventral 

Right Anterior 

Right Anterior 


View Mid- 

View Mid- 

Oblique View 

Oblique View 


Inspiration 

Inspiration 

Mid-Inspiration 

Expiration 

“M. P.” 


X 

X 

X 

Angle “theta” 


X 

X 

X 

Angle "gamma" 


X 

X 

X 

Thoracic height 

Transverse cardiac diameter 

X 


X 

X 

Frontal cardiac area 

X 



' 


normal values found in the prediction 
tables created by these authors. Evidence 
of kyphoscoliosis was also noted, 
a. Both Right Anterior Oblique Views. 
(a) the maximal point of pos- 

teriority of the opacified esophagus in the 
region of the auricular impression as 
related to the esophagus at the aortic arch 
bulge. A vertical line is dropped from the 
most posterior point on the posterior 


surface of the outlined esophagus at the 
aortic impression downward to the region 
of the auricular impression on the esopha- 
gus. The distance between this line and the 
most posterior point on the posterior 
border of the juxta-auricular portion of the 
esophagus is then measured in millimeters. 
A "minus” sign is placed before the value 
when the auricular point is anterior to the 
vertical line dropped from the aortic bulge 
(Fig. I and a). When the auricular point is 
posterior to the line of the aortic impression 
a “plus” sign is placed before the value 
(Fig. 4 and f). 

(b) Angle “theta” (Fig. i and a). The 
apex of this angle is situated on the pos- 
terior border of the esophageal shadow at 
the point of junction between the lower end 
of the “alpha” segment and the beginning 
of the segment displaced posteriorly by the 
auricle. One limb of the angle is formed by 
a downward continuation of the posterior 
border of the “alpha” segment, the second 
limb by the posterior border of the upper 
half of the juxta-auricular segment, which 


since the value of “gamma”, will be the 
same for any series of verticals dropped 
from any series of points on the segment. 
A point should be chosen where the poste- 
rior esophageal border is most clearly 
visualized and best represents the course 
of the “alpha” segment. The vertical limb 
may be obtained by drawing a line parallel 
with the long edge of the 14 by 17 
film, or perpendicular to the short edge. 
The angle is measured with a protractor. 
In cases where the downward course of the 
“alpha” segment is anterior to the vertical 
line a “minus” sign is placed before the 
value of the angle (Fig. i aitd 2). Where 
the “alpha” segment proceeds downward 
posterior to the vertical line a “plus sign 
is placed before the value of the angle 

. . ... 4 

(d) Thoracic height. This is taken as tne 

distance between the highest level of the 

diaphragm (right or left) and the inferior 

margin of the left first rib posteriorly 

adjacent the spine. The measurement is 

made in centimeters. 
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3. Left Lateral View. 

(a) The angles “theta” and “gamma” 
and the distance “M.P.” are measured in 
the same manner as in the oblique examina- 
tions (Fig. 2). 

(b) Thoracic height is not measured in 


periphery. With it, the angles may be 
measured directly and quickly from the 
roentgenogram. (2) A cleared, transparent 
14 by 17 inch film on which vertical lines 
parallel to the long side and 1 cm. apart 
have been accurately etched. This trans- 



this view since the upper ribs cannot be 
clearly delineated. 

4. Other Measurements. 

(a) The height and weight of each 
subject are obtained and compared to a 
standard chart^i to determine the variation 
from the average of each subject’s weight 
for ms height; i.e., habitus. 

The age of each subject is recorded. 
1 wo simple measuring aids (Fig. 6) have 
been found extremely useful. These are: 
V ) .4 transparent protractor with a 
movable arm extending from its center 
outward over the graduated arc of its 


parency is carefully inserted and cemented 
into a rigid frame so that the lines are 
absolutely parallel with the long axis of 
the frame. The film in its frame is then set 
on a view box (best lying horizontal) and 
the heart roentgenogram being studied is 
placed over the transparency so that the 
entire long side of the heart roentgenogram 
IS m closest apposition with the frame. As a 
result, a series of vertical lines i cm. apart 
are superimposed upon the heart roent- 
genogram, and all measurements requir- 
mg Aeuse of these lines ate greatly fJciU- 
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Table II 

INTERCORRELATIONS* 



1 

pM. P.” 

1 

1 Gam- 

i “The- 

1 

j ma” 

1 


Left Lateral View, Mid-Inspiration 


Thoracic height 

- .i 7 **j 

i 


Transverse diameter ' 

.. . j 

- .01 

1 

-.08 

! 1 

.TO 

Frontal area i 

1 

- .03 

1 

1 — .08 

i 

.00 

Habitus ! 

1 1 

1 .IS j 

•03 

.12 

“M. P.” ^ 

— 

.68 

.07 

“Gamma” 

.68 

— 

-.28 

“Theta” 

■07 

-.28 

— 


Right Anterior Oblique View, Mid-Inspiration 


Thoracic height 

-.23 

-.14 

-•17 

Transverse diameter 

.09 

.07 

.16 

Frontal area 

.09 , 

.04 

.02 

Habitus 

1 .06 

1 

.00 

• IS 

“M. P.” 

— 

•74 

•03 

“Gamma” 

•74 

— 

.18 

“Theta” 

1 

.03 

-.18 

— 


Right Anterior Oblique View, Expiration 


1 

Thoracic height 

-.38 

— ,21 

— .22 

Transverse diameter 

1 

•os 

•13 

Frontal area 

.14 

.08 

.10 

Habitus 

.18 

•03 

•IS 

"M. P.” 

1 

•71 

.22 

“Gamma” 

■71 

— 

-.24 

“Theta” 

.22 

-.24 

— 


* The number m each box represents the correlation coeffi- 
cient (r) between the two variables correlated. The i% level of 
significance for r=:.i6. The 5% level of significance for r =.12. 

** Since thoracic height could not be measured accurately in 
this view, the value shown represents the correlation coefficient 
between and the thoracic height measured on the right 

anterior oblique roentgenogram made during mid-inspiration. 


STATISTICAL ANALYSIS AND RESULTS 

The three important indices for deter- 
mining the size of the left auricle were 
“gamma,” “theta” and “M.P” However, 
it was recognized that each of these three 
indices might be affected not only by the 
size of the left auricle but also by extra- 
auricular factors. In order to utilize the 
indices as accurate indicators of auricular 
size, any considerable influence on the 
measurements by extra-auricular causes 
(i.e. thoracic height, examinee’s weight, 
height, etc.) had to be eliminated. There- 
fore, a series of intercorrelation analyses 
was made between each of the three indices, 
and between them and all possible extra- 
auricular factors in each of the three views. 
The Pearson Product-Moment* correlation 
method" was employed, and the coeffi- 
cient of correlation of the three indices to 
each other and to each of the independ- 
ent extra-auricular variables in the 250 
normal controls was calculated (Table n). 
Where the correlations were small (i.e., 
below the i per cent level of significance), 
the extra-auricular factors were considered 
as not affecting the indices’ measurements 
of left auricular size and were disregarded. 
On the other hand, where the correlation 
coefficients were large, the extrinsic factors 
obviously would influence the measure- 
ments and impair the indices' accuracy as 
indicators of auricular size. In these in- 
stances, the measurements were corrected 
according to the multiple, linear regression 
technique,' and the effect of the extra- 
auricular factors was eliminated. Following 
this necessary adjustment, the values could 
6e considered accurate indicators of the 
size of the left auricle. The final, accurate 
values for “gamma,” “theta” and “M.P’ 
were then arranged in frequency distribu- 
tions according to magnitude and per- 
centile tables constructed (Table vi). These 

* The formula for Pearson-Moment Method is: 

Where 

Tjry =coefficient of correlation y =deviation of niw score, y% 
between .V aiid^’ from mean of Y 

A^— number of cases =standard deviation of A 

' .v=dcviation of the raw o-y =standard deviation of } 
score. from mean of A" 



